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ASIC Standard-Cell Library 


0.9um CMOS Technology 


Notice: 


AT&T reserves the right to make changes to the product(s) or circuit(s) described 
herein without notice. No liability is assumed as a result of their use or application. No 
rights under any patent accompany the sale of any such product or circuit. 


Daisy is a trademark of Daisy System Corp. 

DEC, VAX and VMS are trademarks of Digital Equipment Corp. 
Mentor is a trademark of Mentor Graphics Corp. 

UNIX is a trademark of Bell Laboratories. 

VIEW/ogic is a registered trademark of Viewlogic System, Inc. 
WORKVIEW is a registered trademark of Viewlogic System, Inc. 
Z80 is a trademark of Zilog Inc. 


ZYCAD is a registered trademark of the ZYCAD Corporation. 


Copyright © 1990 AT&T 
Unpublished and Not for Publication 
All Rights Reserved 

January, 1990 


Table of Contents 


Functional Index eesceeceeoeeneeeeeeeee eee 8 ee 


Introduction er er rr er rr nr rr nr 2 nr nr er er er er er 


Design Considerations a a a ee rr 2 rr 2 rr 


Packaging -seecseccercerrccceercseccevece 


Reliability and Quality >+++++cssercesrcsececs 


JO Buffers «eee eeccrcecrccceeseeecereeecececns 


Logic Cells a a a rr rt rr rr rr Or 2 rr rt er et er 


Sequential Cells a a a a rr rr 


Parameterized MacrocellS «*+«cccsccescerveceecs 


Linear CellS - ccc cece ecereecccececvreesresreevseeee 


FDS Synthesized Macrocells eoeoeoeeoeoee eee 8 8 


MSI/LSI Functions Cr a ee ee ee ee er rr rr rr rr nr nr er er ee 


Boundary Scan Cells a a a rr 2 rr er rr er er 


Index eoevoevoeveveveeneeeeneeeee7e ee 8 © 8 8 OOOO ee 


Functional Index 


i/O Buffers 


BHidCod[D,T] 
BHidTod[D,T] 


BHidXod[D,T] 


BIHid[D,T] 
BIMid[D,T] 
BINid[D,T] 
BIPid[D,T] 
BISid[D,T] 
BITid[D,T] 
BMidMOd[D,T] 
BNidTod[D,T] 
BNidXod[D,T] 
BOCod[D,T] 
BOMod[D,T] 
BONog|D,T] 
BOTod[D,T] 
BOXod[D,T] 


Logic Cells 


ANDn 
AOlabcd 
BIST1 
FA 
INRBn 
NDn 
NRn 
OAlabcd 
ORn 
SDabc 
TBDI 
TBUS 
TBUSI 
TGn 
XNOR 
XOR 


Functional Index 


Bi-directional Buffer, BIHid Input, BOCod Output 
Bi-directional Buffer, BIHid Input, BOTod Output 
Bi-directional Buffers, BIHid Input, BOXod Output 
Input Buffer, Non-Inverting TTL-Level 

Input Buffer, Inverting MOS-Level 

Input Buffer, Non-Inverting TTL-Level 

Input Buffer, ESD Protection Only 

Input Buffer, Inverting MOS-Level Schmitt Trigger 
Input Buffer, Inverting TTL-Level Schmitt Trigger 
Bi-Directional Buffer, BIMid Input, BOMod Output 
Bi-directional Buffer, BINid Input, BOTod Output 
Bi-directional Buffer, BINid Input, BOXod Output 
Output Buffer, Non-Inverting TTL-Level Open Collector 
Output Buffer, Non-Inverting MOS-Level Tri-State 
Output Buffer, Non-Inverting TTL-Level 

Output Buffer, Non-Inverting TTL-Level 3-State 
Output Buffer, Driver Transistors Only 


AND Gates 
AND-OR-INVERTERS 

Built in Self Test Logic Cell 
Full Adder 

Inverters 

NAND Gates 

NOR Gates 
OR-AND-INVERTERS 

OR Gates 

Select Data Cells 

3-state Inverting Bus Drivers 
3-state Bus Drivers 

3-state Inverting Bus Drivers 
Transmission Gates 
Exclusive NOR Gate 
Exclusive OR Gate 


0.9um CMOS Library 


This section provides a quick overview of the functions available in AT&T’s 0.9m CMOS library. 


5-21 
5-24 
5-27 
5-30 
5-32 
5-34 
5-36 
5-37 
5-39 
5-41 
5-44 
5-48 
5-52 
5-54 
5-56 
5-58 
5-60 


6-10 
6-11 
6-15 
6-16 
6-17 
6-18 
6-19 
6-20 
6-24 
6-25 
6-29 
6-30 
6-31 
6-32 
6-33 
6-34 


Functional Index 0.9um CMOS Library 


Static Flip-Flops and Latches 


Cell Grids Transistors Clocking Preset Clear Sample Scan Equivalent Page 
FB1S2AX 23 36 NE -- -- -- -- 7-11 
FB1S3AX 23 36 PE -- -- -- -- 7-12 
FD1N2AX 19 26 NE -- -- NL FLIN2AX 7-13 
FD1N2JX 21 32 NE SPL -- NL FLIN2JX 7-14 
FD1N2MX 21 32 NE -- SNL NL FLiIN2MX 7-15 
FD1N3AX 19 26 PE -- -- NL FLIN3AX 7-16 
FD1N3JX 21 32 PE SPL -- NL FLIN3JX 7-17 
FD1N3MX 21 32 PE -- SNL NL FLIN3MX 7-18 
FD1P2AX 19 26 NE -- -- PL FL1P2AX 7-19 
FD1P2JX 21 32 NE SPL -- PL FL1P2Jx 7-20 
FD1P2MX 21 32 NE -- SNL PL FL1P2MX 7-21 
FD1P3AX 19 26 PE -- -- PL FL1P3AX 7-22 
FD1P3JX 21 32 PE SPL -- PL FL1P3JX 7-23 
FD1P3MX 21 32 PE -- SNL PL FL1P3MX 7-24 
FD1S1A 9 10 PL -- -- -- -- 7-25 
FD1S1B 9 12 PL PL -- -- -- 7-26 
FD1S1D 10 14 PL -- PL -- -- 7-27 
FD1S1E 9 12 PL -- NL -- -- 7-28 
FD1S1F 11 14 PL PL NL -- -- 7-29 
FD1S1G 10 14 PL NL -- -- -- 7-30 
FD1S2AX 13 18 NE -- -- -- FL1S2AX 7-31 
FD1S2BX 16 22 NE PL -- -- FL1S2BX 7-32 
FD1S2CX 21 28 NE PL PL -- FL1S2CX 7-33 
FD1S2DX 17 24 NE -- PL -- FL1S2DX 7-34 
FD1S2EX 16 22 NE -- NL -- FLIS2EX 7-35 
FD1S2FX 19 26 NE PL NL -- FL1S2FX 7-36 
FD1S2GX 17 24 NE NL -- -- FL1S2GX 7-37 
FD1S21X 18 24 NE -- SPL -- FL1S21X 7-38 
FD1S2JNxX 16 22 NE SPL -- -- FL1S2JX 7-39 
FD1S2KX 22 30 NE NL NL -- FLIS2KX 7-40 
FD1S2LX 18 24 NE SNL -- -- FL1S2LX 7-41 
FD1S2MX 15 22 NE -- SNL -- FL1S2MX 7-42 
FD1S2NX 20 28 NE NL PL -- FL1S2NX 7-43 
FD1S20X 19 26 NE SPL SPL -- FL1S20X 7-44 
FD1S3AX 13 18 PE -- -- -- FL1S3AX 7-45 
FD1S3BX 16 22 PE PL -- -- FL1S3BX 7-46 
FD1S3CX 21 28 PE PL PL -- FL1S3CX 7-47 
FD1S3DX 17 24 PE -- PL -- FL1iS3DX 7-48 
FD1S3EX 16 22 PE -- NL -- FL1S3EX 7-49 
FD1S3FX 19 26 PE PL NL -- FL1S3FX 7-50 
FD1S3GX 17 24 PE NL -- -- FL1S3GX 7-51 


MS = Master-Slave, NE = Negative Edge-Triggered, NL = Negative Level, 


PE = Positive Edge-Triggered, PL = Positive Level, 


SNL = Synchronous Negative Level, SPL = Synchronous Positive Level 
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Functional Index 0.9um CMOS Library 


Static Flip-Flops and Latches 


Cell Grids Transistors Clocking Preset Clear Sample Scan Equivalent Page 
FD1S31X 18 24 PE -- SPL -- FL1S3IX 7-52 
FD1S3JX 16 22 PE SPL -- -- FL1S3JX 7-53 
FD1S3KX 22 30 PE NL NL -- FLiS3KX 7-54 
FD1S3LX 18 24 PE SNL -- -- FL1S3LX 7-55 
FD1S3MX 15 22 PE -- SNL -- FL1S3MX 7-56 
FD1S3NX 20 28 PE NL PL -- FL1S3NX 7-57 
FD1S30X 19 26 PE SPL SPL -- FL1S30X 7-58 
FD1S5A 9 10 NL -- -- -- -- 7-59 
FD1S5B 9 12 NL PL -- -- -- 7-60 
FD1S5D 10 14 NL -- PL -- -- 7-61 
FD1S5E 9 12 NL -- NL -- -- 7-62 
FD1S5F 11 14 NL PL NL -- -- 7-63 
FD1S5G 10 14 NL NL -- -- -- 7-64 
FD2N1A 20 28 MS -- -- NL -- 7-65 
FD2N1J 23 34 MS SPL -- NL -- 7-66 
FD2N1M 23 34 MS -- SNL NL -- 7-67 
FD2P1A 20 28 MS -- -- PL -- 7-68 
FD2P1J 23 34 MS SPL -- PL -- 7-69 
FD2P1M 23 34 MS -- SNL PL -- 7-70 
FD2S1A 14 20 MS -- -- -- FL2S1A 7-71 
FD2S1B 17 24 MS PL -- -- FL2S1B 7-72 
FD2S1CX 20 30 MS PL PL -- FL2S1CX 7-73 
FD2S1D 18 26 MS -- PL -- FL2S1D 7-74 
FD2S1E 17 24 MS -- NL -- FL2S1E 7-75 
FD2S1FX 19 28 MS PL NL -- FL2S1FX 7-76 
FD2S1G 18 26 MS NL -- -- FL2S1G 7-77 
FD2S11 17 26 MS -- SPL -- FL2S11 7-78 
FD2S1J 16 24 MS SPL -- -- FL2S1J 7-79 
FD2S1KX 21 32 MS NL NL -- FL2S1KX 7-80 
FD2S1L 17 26 MS SNL -- -- FL2S1L 7-81 
FD2S1M 16 24 MS -- SNL -- FL2S1M 7-82 
FD2S1NX 20 30 MS NL PL -- FL2S1NX 7-83 
FLIN2AX 26 36 NE -- -- NL (FD1N2AX) 7-84 
FLIN2JX 27 38 NE SPL -- NL (FD1N2JX) 7-85 
FL1IN2MX 27 38 NE -- SNL NL (FD1N2MX) 7-86 
FLIN3AX 26 36 PE -- -- NL (FD1N3AX) 7-87 
FLIN3JX 27 38 PE SPL -- NL (FD1N3JX) 7-88 
FLIN3MX 27 38 PE -- SNL NL (FD1N3MX) 7-89 
FL1P2AX 26 36 NE -- -- PL (FD1P2AX) 7-90 
FL1P2JX 27 38 NE SPL -- Pl (FD1P2JX) 7-91 
FL1P2MX 27 38 NE -- SNL PL (FD1P2MX) 7-92 
FL1P3AX 26 36 PE -- -- PL (FD1P3AX) 7-93 
FL1P3JX 27 38 PE SPL -- PL (FD1P3JX) 7-94 
FL1P3MX 27 38 PE -- SNL PL (FD1P3MX) 7-95 


MS = Master-Slave, NE = Negative Edge-Triggered, NL = Negative Level, 
PE = Positive Edge-Triggered, PL = Positive Level, 
SNL = Synchronous Negative Level, SPL = Synchronous Positive Level 


Functional Index iti 


Functional Index 
Static Flip-Flops and Latches 


0.9um CMOS Library 


Z 


Grids Transistors Clocking Preset Clear Sample Scan Equivalent Page 
FL1S2AX 19 30 NE -- -- -- (FD1S2AX) 7-96 
FL1S2BX 22 34 NE PL -- -- (FD1S2BX) 7-97 
FL1S2CX 28 40 NE PL PL -- (FD1S2CX) 7-98 
FL1S2DX 22 32 NE -- PL -- (FD1S2DX) 7-99 
FL1S2EX 22 34 NE -- NL -- (FD1S2EX) 7-100 
FL1S2FX 25 38 NE PL NL -- (FD1S2FX) 7-101 
FL1S2GX 22 32 NE NL -- -- (FD1S2GX) 7-102 
FL1S21X 23 32 NE -- SPL -- (FD1S21xX) 7-103 
FL1S2JX 21 30 NE SPL -- -- (FD1S2JX) 7-104 
FL1S2KX 27 38 NE NL NL -- (FD1S2KX) 7-105 
FL1S2LX 23 32 NE SNL -- -- (FD1S2LX) 7-106 
FL1S2MX 20 30 NE -- SNL -- (FD1S2MX) 7-107 
FL1S2NX 25 36 NE NL PL -- (FD1S2NX) 7-108 
FL1S20X 24 34 NE SPL SPL -- (FD1S20X) 7-109 
FL1S3AX 19 30 PE -- -- -- (FD1S3AX) 7-110 
FL1S3BX 22 34 PE PL -- -- (FD1S3BX) 7-111 
FL1S3CX 28 40 PE PL PL -- (FD1S3CxX) 7-112 
FL1S3DX 22 32 PE -- PL -- (FD1S3DX) 7-113 
FLIS3EX 22 34 PE -- NL -- (FD1S3EX) 7-114 
FL1IS3FX 25 38 PE PL NL -- (FD1S3FX) 7-115 
FL1S3GX 22 32 PE NL -- -- (FD1S3GX) 7-116 
FL1S31X 23 32 PE -- SPL -- (FD1S31X) 7-117 
FL1S3JX 21 30 PE SPL -- -- (FD1S3JX) 7-118 
FL1IS3KX 27 38 PE NL NL -- (FD1S3KX) 7-119 
FL1S3LX 23 32 PE SNL -- -- (FD1S3LX) 7-120 
FL1S3MX 20 30 PE -- SNL -- (FD1S3MX) 7-121 
FL1S3NX 25 36 PE NL PL -- (FD1S3NX) 7-122 
FL1S30X 24 34 PE SPL = SPL -- (FD1S30X) 7-123 
FL2S1A 20 32 MS -- -- -- (FD2S1A) 7-124 
FL2S1B 23 36 MS PL -- -- (FD2S1B) 7-125 
FL2S1CX 26 42 MS PL PL -- (FD2S1CX) 7-126 
FL2S1D 23 34 MS -- PL -- (FD2S1D) 7-127 
FL2S1E 23 36 MS -- NL -- (FD2S1E) 7-128 
FL2S1FX 25 40 MS PL NL -- (FD2S1FX) 7-129 
FL2S1G 23 34 MS NL -- -- (FD2S1G) 7-130 
FL2S1I 23 34 MS -- SPL -- (FD2S11) 7-131 
FL2S1J 21 32 MS SPL -- -- (FD2S1J) 7-132 
FL2S1KX 26 40 MS NL NL -- (FD2S1KX) 7-133 
FL2S1L 23 34 MS SNL -- -- (FD2S1L) 7-134 
FL2S1M 21 32 MS -- SNL -- (FD2S1M) 7-135 
FL2S1NX 25 38 MS NL PL -- (FD2S1NX) 7-136 
FSOSIA 5 8 -- -- -- -- -- 7-137 
FS0S1D 6 10 -- -- PL -- -- 7-138 
FSOS7A 5 8 -- “- “- -- -- 7-139 
FS1S1A 7 12 PL -- -- -- -- 7-140 
FS1S3A 15 24 PE -- -- -- -- 7-141 


MS = Master-Slave, NE = Negative Edge-Triggered, NL = Negative Level, 


PE = Positive Edge-Triggered, PL = Positive Level, 


SNL = Synchronous Negative Level, SPL = Synchronous Positive Level 
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Parameterized Macrocells 


CAM 
CAMB 
FIFO 
MULTP 
PLAC2B 
REGFILE 
REGFILEB 
ROM 
SRAM 
SRGEN 


Content Addressable Memory 

Content Addressable Memory with BIST 
First-In, First-Out Memory 

Multiplier 

Programmable Logic Array 

Register File Memory 

Register File Memory with BIST 
Read-Only Memory 

Static Random Access Memory 
Dynamic Shift Register 


Linear Cells Designed to Fit into the I/O Buffer Ring 


LOT15U 
LOT250N 
PURA3M 
PURA300U 
PURA30U 
XC20MSJD,1D,2D] 


Loss of Signal Detector with a 15 ps Nominal Delay Time 
Loss of Signal Detector with a 250 ns Nominal Delay Time 


Power-up Reset with 3 ms Nominal Pulse Duration and Test Mode 
Power-up Reset with 300 us Nominal Pulse Duration and Test Mode 
Power-up Reset with 30 ps Nominal Pulse Duration and Test Mode 


5 - 32 MHz Crystal Oscillator/CMOS Level Input Buffer 


Linear Cells Designed to Fit into Standard-Cell Rows 
(Suffix A for area-optimized cells, suffix P for performance-optimized cells) 


CAP2JA,P] 
CAP3IA,P] 
CAPS5IA,P] 
CAP10[A,P] 
DEL5[A,P] 
DEL10{A,P] 


RESSIA,P] 
RES10[A,P] 
RES20{A,P] 


Functional Index 


2 pF Capacitor 
3 pF Capacitor 
5 pF Capacitor 
10 pF Capacitor 
Delay Cell with Nominal Delay of 5 ns 
Delay Cell with Nominal Delay of 10 ns 
5 kQ Resistor 
10 kQ Resistor 
20 kQ Resistor 
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8-6 
8-11 
8-18 
8-19 
8-20 
8-21 
8-25 
8-32 
8-33 
8-69 


9-10 
9-10 
9-10 
9-10 
9-11 
9-11 
9-12 
9-12 
9-12 
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a FDS Synthesized Macrocells 


MSI/LSI Functions 


vi 


ADDER 
CMB 
COMP 


COUNTER 
DECODER 


FSM 
MUX 
PAR 
UNREG 


ALU2 
ALU4 
ARTI 
BL29C01 
BL29C09 
CKGEN 
CM42 
CM82 
CM85 
CM138 
CM150 
CM151 
CM152 
CM153X 
CM157X 
CM158X 
CM160 
CM161 
CM162 
CM163 
CM169 
CRC 
DIV4 
DIV6 
DIV8 


FA4 
LACG4 


MUL16X16 


MV3 
MV5 


FDS Adder 

FDS Combinational Block 
FDS Comparator 

FDS Counter 

FDS Decoder 

FDS Finite State Machine 
FDS Multiplexer 

FDS Parity Generator 
FDS Universal Register 


2-Bit Arithmetic Logic Unit 
4-Bit Arithmetic Logic Unit 


Universal Asynchronous Receiver Transmitter 


Bit-Slice Microprocessor 
Microprogram Sequencer 

4-Phase Clock Generator 
BCD-to-Decimal Decoder 

2-Bit Binary Full Adder © 

4-Bit Magnitude Comparator 
3-to-8- Line Decoder/Demultiplexer 


1-of-16 Gated Data Selector/Multiplexer 


1-of-8 Gated Data Selector/Multiplexer 


~ 1-of-8 Data Selector/Multiplexer 


4-Line-to-1 Data Selector/Multiplexer 
2-Line-1-Line Data Selector/Multiplexer 
2-Line-1-Line Data Selector/Multiplexer 
Synchronous 4-Bit Decade Counter 
Synchronous 4-Bit Binary Counter 
Synchronous 4-Bit Decade Counter 
Synchronous 4-Bit Binary Counter 
Synchronous 4-Bit Up/Down Counter 
Cyclic Redundancy Checker 
Divide-by-4 Counter 

Divide-by-6 Counter 

Divide-by-8 Counter 

4-Bit Fast Adder 

4-Bit Look-Ahead Carry Generator 

16 X 16 Multiplier 

3-Bit Majority Vote 

5-Bit Majority Vote 


0.9um CMOS Library 
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10-2 
10-3 
10-4 
10-5 
10-7 
10-9 
10-10 
10-12 
10-13 


11-2 
11-6 
11-11 
11-15 
11-18 
11-22 
11-24 
11-26 
11-28 
11-31 
11-33 
11-36 
11-38 
11-40 
11-42 
11-44 
11-46 
11-49 
11-52 
11-55 
11-58 
11-61 
11-64 
11-66 
11-68 
11-70 
11-72 
11-74 
11-76 
11-78 
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PCLE3 
PCLE4 
PCLE5 
PCLE6 
PCLE8 
PCLER3 
PCLER4 
PCLERS5 
PCLER6 
PCLER8 


3-Bit Programmable Counter/Timer 
4-Bit Programmable Counter/Timer 
5-Bit Programmable Counter/Timer 
6-Bit Programmable Counter/Timer 
8-Bit Programmable Counter/Timer 
3-Bit Programmable Counter/Timer 
4-Bit Programmable Counter/Timer 
5-Bit Programmable Counter/Timer 
6-Bit Programmable Counter/Timer 
8-Bit Programmable Counter/Timer 


Boundary Scan Cells 


BSATT 
BSBD 
BSBP 
BSBRIC 
BSCKMUX 
BSDC 
BSIN1 
BSIN2 
BSIN3 
BSIR 
BSIRN 
BSOE 
BSOUT 
BSTAP 
BSTDO 


Functional Index 


Manufacturer ID Register 

Bidirectional Cell 

By-Pass Cell 

BIST RAM Interface Controller 

System-Test Clock Multiplexer 

Bidirectional Control Cell 

Standard Input Cell 

Input Cell (Without Update Output Buffer) 
Input Cell (Capture & Scan Only) 

Instruction Register 

Instruction Register (Without Status Capture) 
Output-Enable Control 

Standard Output Cell 

Test Access Port Controller 

Serial Output Cell 

(With Data Register/Instruction Register and Input Multiplexer) 
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Introduction 0.91um CMOS Library 


This book contains the ASIC (Application Specific Integrated Circuit) design information using 
AT&T's state-of-the-art, 0.9m, twin-tub CMOS technology. To exploit the VLSI capabilities of 
custom circuits, AT&T has developed a comprehensive computer-based and cell-based custom design 
that offers the benefits of full-custom circuits at significantly reduced development time and cost. 
This system has enabled us to achieve exceptionally high first-model success rates. 


If you are a system or IC design-house representative, consider the complete range of services from 
AT&T: 

¢ State-of-the-art CMOS technology 

e Extensive cell libraries 

e Industry-leading CAD tools that carry your design ideas from schematic capture to layout 

¢ Support of leading workstation platforms by schedule shown on the next page 


¢ Regional design centers, staffed with experienced AT&T engineers and equipped with the latest 
hardware 


¢« Complete photomask and wafer production capabilities in our own manufacturing plants (both 
in the United States and Europe) 

¢ Fast turnaround of fully assembled and tested chips in both model and production quantities. 
Normally, chips are tested to full specifications. 


From concept to final review, our design cycle offers a variety of entry points. The typical transfer 
of responsibility to AT&T is the pre-layout review. But the choice of where we take over the job is up 
to you. 


To help ensure the manufacturability of all of your designs, we process your initial prototypes on the 
same fabrication line that will supply your production. 


CAD System 


AT&T's integrated CAD system is comprehensive. There are CAD tools, which are among the most 
powerful in the industry, available to assist the designer in each phase of IC development. The output 
from any CAD tool is in the form required for input to the next tool in the design cycle. This results 
in a fully integrated CAD environment and frees the designer from time-consuming and error-prone 
data conversions. 


The schematic-capture tool is flexible and easy to use and offers the powerful features needed for 
complex VLSI circuits. One of the most important and useful features of the CAD system is the 
Design Audit tool. The Design Audit tool allows early detection and correction of design problems, 
checks for gated and asynchronous loops, lists all flip-flop preset and clear signals, and identifies 
potential testing difficulties. The simulator provides the ability to more quickly and accurately verify 
both the logic and timing requirements. Another important feature is the design-for-testability tools 
that alleviate the usually laborious task of generating high fault-coverage vectors. Automatic 
placement and routing help assure that even the most complex circuits are properly interconnected 
and optimally laid out. 

The AT&T CAD system has demonstrated a very high first-time success rate on custom cell-based 
designs. The tools facilitate the design of circuits that push the limit of technology, both in gate- 
count and performance. 

You can use AT&T’s powerful CAD system and do the entire design at an AT&T Design Center. Or if 
you prefer to work at your own site, AT&T can help. Our cell library is supported on commercially 
available CAD systems. You can also use AT&T CAD tools through a licensing agreement or through 
a dial-up link to an AT&T Design Center. 
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The 


following is a list of AT&T’s CAD tools: 


CAD Tools 


Wo 


SCHEMA - allows schematic entry and automated netlist generation 


VIEWlogic WORKVIEW 5150 — a commercial schematic-capture tool used as an alternative to 
SCHEMA (only used with AT&T’s cell library) 


FDS — synthesizes complex functions (see section 10 for more detail) | 

MOTIS — provides logic, timing, and fault analysis for complete chip design 

MISL — generates test vectors from high-level language 

ALERT — detects design flaws, such as races, glitches, asynchronous loops, etc. 
TESTPILOT — designs for testability system using scan path method 

CRITIC — analyzes performance of individual circuit paths 

ADVICE (SPICE-like circuit simulator) — provides transistor-level simulations 
LTX2 — produces optimum chip layout with respect to chip size and performance 
GOALIE — extracts layout connectivity and device parasitics 

GRED - allows interactive layout editing 

LARC — provides layout design rule checking 

VAUDIT — detects potential hazards in test vectors 

TPG2 — program for automatic test program generation 

IKOS — a commercial hardware accelerator used as an alternative to MOTIS 
AGSIM — accelerated MOTIS simulator using AT&T’s hardware accelerator board 
HASTEN — AT&T interface to the ZYCAD hardware accelerator used as an alternative to MOTIS 


rkstation Support 


In addition to supporting AT&T’s CAD tools on the SUN workstation, AT&T continues to enhance 
the support of leading workstation platforms. The schedule is shown as follows. 


SUN workstation with 
VIEW/logic schematic capture Use with AT&T's cell library only now 
Daisy Workstation Schematic capture and logic simulation now 
Timing simulation with backannotation — end of 4th quarter, 1989 
Valid Workstation Schematic capture and logic simulation end of 4th quarter, 1989 
Timing simulation with backannotation end of 1st quarter, 1990 
Mentor Workstation Schematic capture and logic simulation now 


Timing simulation with backannotation — end of 2nd quarter, 1990 


Design Methodology 


All 


AT&T's cell-based designs follow the structured design methodology illustrated in Figure 1. 


Extensive reviews are held at various points during the design cycle to help ensure the quality of the 
designs. Adherence to the milestone verifications, simulations, reviews and tests has yielded a very 
high first-time success rate. 
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Libraries Design Considerations 


The standard cells in this catalog are available in two layout styles. In one style, the cells are made as 


small as possible. In the other style, cells are optimized for performance and as a result occupy more 
area than the small cells. The contrast is illustrated below: 


AREA- 
OPTIMIZED 


PERFORMANCE-— 
OPTIMIZED 


Table 1 - Cell Library Comparison 


Area- Performance 
Optimized Optimized 


Cell Height 32.6 um 48.9 um 


Grid Pitch 3.6 um 3.6 um 
(Unit for Cell Width) 
P-Transistor: 

Mask Length 
Mask Width 


N-Transistor: 
Mask Length 
Mask Width 


The two libraries allow you to make trade-offs between performance and chip size in your design. 
These trade-offs are discussed in the sections that follow. 


Design Considerations 2-1 


Derating Factors . Design Considerations 


Nominal propagation delays are quoted in the 0.9um Standard-Cell Library. To determine exact 
delays under other conditions, the ADVICE (AT&T’s version of SPICE) simulation program should 
be used with the following conditions: 


Table 2. Conditions for Simulations 


CONDITIONS FOR SIMULATIONS 


| CASE —_| TEMPERATURE | PROCESS FILE | POWER SUPPLY 


Worst-Case Fast APROHC.DAT 55V 


Nominal APRONC.DAT 5.0 V 


Worst-Case Slow APROLC.DAT 45V 


Throughout this catalog, "temperature" always refers to junction temperature and not the ambient. 
Junction temperature is generally higher than the ambient because the package acts as an insulator 
and impedes the dissipation of heat from the silicon to the ambient environment. The difference 
between the junction and ambient temperatures is dependent on the amount of power the device 
dissipates, the package type, and the amount of air circulation in the surrounding environment. 


The temperature used in worst-case simulations is application-dependent. The range 0 ° C to 100° C 
is common; however, the minimum and maximum limits are -40 ° C to 125 °C. 


An alternate method to determine worst-case propagation delays (although not as accurate as 
running ADVICE) is to use de-rating factors. A de-rating factor is simply a multiplier of the nominal 
delay: 


T= TNOMINAL * Pry * Pp 
where 
Dry is the derating factor for temperature and voltage. 


Dp is the derating factor for process variation. 


These derating factors for 0.94m CMOS are found in Tables 3 and 4: 


Table 3. Derating for Processing 


PROCESS DERATING 
CONDITIONS FACTOR 


Slow 


Nominal 


Fast 
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Derating Factors Design Considerations 


Table 4. Power Supply and Temperature Derating 


TEMPERATURE 
°C 


POWER SUPPLY VOLTAGE (Vpp) 
450V 475V 5.00V 5.25V_ 5.50V 


The recommended maximum operating conditions and absolute maximum ratings for the 0.9m 
CMOS library and technology are as follows: 


RECOMMENDED MAXIMUM OPERATING 
CONDITIONS FOR 0.9um CMOS 


Power Supply Voltage VbD —-Vss =5 V 
Input Voltages (VSS — 0.3 V) to (VDD + 0.3 V) 


Junction Temperature -40 °C to 125 °C 


ABSOLUTE MAXIMUM RATINGS FOR 0.94m CMOS 


Power Supply VDD — Vss < 7.0 V 
Input Voltage Vss to VDD (for 6.1 V < VDD — VSss < 7.0 V) 


Storage Temperature -40 °C to 125 °C 
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Estimating Power Design Considerations 


The most accurate way to estimate the power dissipation of a custom CMOS IC is to develop an LSL 
(ie., netlist) and a complete test vector set, and then let the MOTIS3 circuit simulator do the 
calculation for you. However, often you would like to know well beforehand how much of your board 
power budget to allocate to your proposed custom device. It is for this reason the following 
worksheet was developed; it should only be used as a guideline. 


AC Power 


CMOS typically dissipates very little DC power. Most of the power dissipation arises from current 
required to repeatedly charge up and discharge transistor gates and parasitic capacitances. 
Accordingly, the expression for the AC power dissipation is: 


P=CxV°xF 
where 
C = The total capacitance being charged and discharged. 
V = The power supply, typically the upper limit for this calculation. 
F = The frequency at which the capacitance is being charged and discharged. 


Calculating the AC Power for Internal Gates 


Estimating the AC power for the chip’s internal logic gates is straightforward. The equation for the 
calculation is: 


Piaternal =PGxNxFxrA 


where 
PG = Power per gate. This is the approximate power the average primitive logic gate 
(with fan-out of 3) dissipates at a specified clock frequency. This factor for the 
two libraries is: 


5uW /gate/MHz for the area-optimized cells and 


8uW /gate/MHz for the performance-optimized cells. 


N = The total number of gates. The factors listed above assume that you are going to 
use equivalent, primitive logic gate count to do this estimate. N represents the 
total number of those gates. 

F = The operating clock frequency. 

A = The activity of the circuit. This term is an attempt to acknowledge that not all of 


the data in the circuit is changing at all times. This, of course, is heavily 
dependent on the application. 


As an example, 5,000 gates in a synchronous design being clocked at 8MHz while using the area- 
optimized cells dissipate: 


Pinternal = 5 uW x 5,000 x 8 MHz x 0.2 = 40 mW 


assuming a 20% activity factor. 
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Estimating Power Design Considerations 


Estimating the AC Power for the Output Buffers 


Another important component of the total power dissipation can be attributed to the chip’s output 
capacitances. Here, the power is calculated as: 


2 
PE vternal = VDD~ x C, xFxA 


where 
Vpb = The upper limit on the allowed value for the power supply, typically 5.5 V 
Cr = The sum of all capacitances on all chip outputs 
F = The maximum frequency at which the outputs change. Normally, one half of the 
Clock frequency. 
A = The % activity of the output nodes. This may or may not be the same as the 
internal activity factor, depending on the application and the circutt. 
DC Power 


Certain CMOS circuits, by necessity, dissipate DC power. The most common of these are CMOS 
input buffers that convert TTL levels at the input of the chip to CMOS levels internally. The catalog 
pages describing these buffers include power information. It is suggested that you refer to those 
pages when considering power, because the DC power dissipated by the input buffers can turn out 
to be significant, depending on your buffer selection and your requirements. 

If you are having some special circuitry built for you, it may also need to dissipate some DC power. 
Again, this dissipation can be important to include in the chip power calculation, especially if you have 
a tight power budget. 


Total Chip Power - A Summary 
ln summary, there are three important contributors to the power dissipation of a CMOS IC that 
should be included when making an early estimate: 
* The AC power dissipated by the internal gates 
« The AC power dissipated by the output capacitance 
* The DC power dissipated by various ‘unusual’ circuits, most notably the TTL compatible 
input buffers. 


It is worth repeating that the MOTISS3 circuit simulator makes an accurate calculation of the chip AC 
power. The techniques presented in this section should only be used for estimation. 
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Techniques for Improving Speed Design Considerations 


The following design practices are suggested to obtain the highest possible performance: 

e« Use the performance-optimized library. 

¢ Keep the logic-gate depth shallow between latch points. 

¢ Use low fan-in logic gates. (Fan-in is defined as the number of inputs. For example, an 
ND2 has a fan-in of 2; an NR4 has a fan-in of 4.) If you are using AT&T’s FDS to 
synthesize combinatorial logic, limit the MAX_FANIN variable to 2 or 3. 

e Plan your chip architecture to do as much parallel processing as possible. 

e Minimize the occurrence of strings of alternating NANDs and NORs. 

¢ Avoid the use of high-drive buffers when driving a low fanout. 

¢ Avoid circuit designs that have highly loaded gates in the critical path. A gate delay 
increases as the capacitive load is increased on the output of the gate. The primary 
sources of load capacitance are routing capacitance and the capacitance of the 
transistors on the gates being driven. 

e Duplicate logic to reduce fanouts. 

¢ Use fast adder design techniques - for example, carry look-ahead. 

¢ Avoid placing heavy loads on flip-flops and latches. On most flip-flops and latches, the Q 
and QN outputs are unbuffered. Since QN is derived from Q, a high fan-out on QN slows 
down Q even if Q is lightly loaded. 

* Some of the cells in the library are available with higher drive capabilities - for example, an 
ND2H has twice the drive capability of the ND2. An ND2S has four times the drive of 
the ND2. These higher-power cells should only be used to drive high fanouts. 


e Ingeneral, small macrocells run faster than large ones. For example, two 1,024 x 8 


SRAMs run faster than one 1,024 x 16 SRAM. In a similar manner, a block of logic 
implemented with many PLAs runs faster than if it were implemented with one large PLA. 
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Techniques for Reducing Area Design Considerations 


The following design practices are suggested to minimize chip area: 


Use the area-optimized library. 

Design with repeated, regular subcircuits whenever possible. In layout, each of these 
subcircuits can be placed and routed very efficiently and then repeated to form a larger 
Circuit. 

If you are using AT&T’s FDS to synthesize combinatorial logic, experiment with the 
MAX_FANIN option. By varying MAX_FANIN from its default value of 9, you may be 

able to synthesize smaller versions of the intended logic. 

Whenever possible, use both Q and QN signals (which have been made available on each 
flip-flop and latch) to form inversions. 


Apply DeMorgan’s theorem to minimize the use of inverters. 


Direct translations from TTL diagrams can be inefficient. Instead, design the logic directly 
from the cell library. 


In general, do not connect any cell input directly to VDD or Vss. Instead, find the cell 
with the proper number of inputs and function, or have a new cell designed. 


If you need a flip-flop with a multiplexer on the input, consider using the scan-test 
version (i.e., the "FLxSxxX’ variety of cells.) 


Experiment with PLAs and ROMs. In some cases, logic implemented with a PLA or a 
ROM can offer a significant size advantage over a standard-cell implementation. 


Be aware of the overhead present in macrocells. For example, a single 10K SRAM 
occupies significantly less area than ten 1K SRAMs, because of the latches, clock drivers 
and decoders in each SRAM block. 


A single large block is better than many small blocks doing the equivalent function for 
another reason: in layout, there is often a ‘moat’ of inefficient routing around each block. 
This is because the terminal positions on the block cannot be rearranged to make the 
routing more dense. Therefore, when planning a chip architecture for minimal area usage, 
use a few very large blocks rather than many small blocks. 
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Estimating Chip Size Design Considerations 


Presented in this section is a simple technique to do an early estimate of the size of a prospective 
standard-cell chip. It is intended for use early in the design to make system architecture-related or 
partitioning decisions. The only way to really determine a chip size is to lay it out. Using the 
technique below gets you only to within + 10% per side. 


Using Grid Count to Estimate Chip Size 


The basic unit used for estimating chip size is the standard-cell grid. The width of a standard cell is 
measured in grids; for example, a 4-inpbut NAND gate is 5 grids wide. An approximate chip size can 
be easily calculated from the total number of grids in the circuit. 


S=Vk,xN2+k,xN4+1.2xAgp + HB 


where 
Ss = Length of one side of the chip (step and repeat) in thousandths of an inch 
(mils). 
N = The total number of grids in the LSL. 


k, ko = Constants that account for routing and overhead in this chip area 


calculation. These constants are different for the types of cells and layout 
styles used. 


For the area-optimized cells: 
6 _ 
kK, =5.0x10 Ky = 0.4 
For the performance-optimized cells: 


-6 
kK, = 5.0 x 10 ky = 0.5 


Asp = The area of any special blocks, for example RAM or PLA. The area 
information for these can be obtained from the appropriate data sheets in 
this catalog. 

Hp = The height of the buffer ring that surrounds the chip, including power bus, 


saw-grid, and alignment features. The value of Hp depends on whether or 
not you are pad-limited: 
For a pad-limited chip: 
Hp = 50 mils. 
For a chip that is not pad-limited: 
Hp = 37 mils. 
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Estimating Chip Size Design Considerations 


For example, an area estimate for a chip requiring 20,000 grids using the area-optimized standard 
cells is determined as follows: 


S = V5.0 x 10% x 20,0007 + 0.4 x 20,000 +31 = 131 mist 10% 


A more complete relationship between grids and chip size (non-pad-limited) is illustrated in Figure 1. 


CHIP SIDE (mils) 
200 250 300 350 400 


150 


100 


O 20000 40000 60000 80000 100000 120000 
GRID COUNT 


Figure 1. Chip Size as a Function of Grid Count 
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Estimating Chip Size Design Considerations 


Estimating the Grid Count Before LSL is Available 


A grid count is not always available when a chip-size estimate is desired. Early in the design, the only 
indication of the complexity of the chip is often a count of the number of equivalent logic gates. To 
help you convert from gates to grids or MOS transistors, the appropriate conversion factors are 
shown in the following table. 


Table 5. Standard-Cell Conversion Factors 
| «Ys Logic Gates Transistors 


1.0 2.6 4.0 

0.38 1.0 1.5 

0.25 0.67 1.0 
Chip Size Limits 


There are limits on the range of practical chip sizes. At the lower end of the range, the chip size is 
limited by the placement of the bond pads on the chip and the allowed length of the wire bonds. The 
more pins, the larger the minimum chip. At the upper end of the range, limits are imposed by the 
physical dimensions of the package itself. 


The range of minimum and maximum chip sizes for standard packages is summarized on the following 
page. 


1 Logic Gate = 


1 Grid = 


1 Transistor = 


2-10 Design Considerations 


Estimating Chip Size Design Considerations 


Table 6. Minimum and Maximum Chip Sizes 


Package # Minimum Maximum Package # Minimum 
Type Pins (mils) (mils) Type(1) | Pins (mils) 


Plastic, 

Leaded 

Chip Ceramic 

Carrier Pin-Grid 
Array 


Plastic, 
Quad, 
Flat 
Package 


Notes: 


1. Because of wide variations in package cavity sizes, chip sizes for ceramic packages other 
than minimum are available upon request. 


2. See Section 3 for more detailed packaging information. 


CAD Support Files 


A complete set of CAD support files for the 0.9m CMOS Standard-Cell Library is available through 
the distribution of SysCAD and ADS (AT&T Design System). These files support the use of several 
CAD programs for schematic-capture, logic and timing simulation, and chip layout. Please contact 
your AT&T representatives for more information. 
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Introduction Packaging 


AT&T recognizes that packaging has a dramatic effect on device and system performance. With 
today’s accelerated development of smaller, more powerful devices, packaging technology has been 
compelled to react swiftly. Higher power ranges and tighter packaging densities are forcing 
engineers to re-evaluate the effectiveness of older, more traditional packaging technologies and 
Styles. 


Through the research efforts of AT&T Bell Laboratories, we are spearheading the development and 
acceptance of new packaging options in order to meet future demands for state-of-the-art devices 
and system applications. Because of our ongoing development efforts, we suggest that frequent 
inquiries be made regarding availability of new packaging options. Some of our development plans 
include: high-pin-count, JEDEC, plastic, quad, flat packs (PQFP); ElAJ, plastic, quad, flat packs 
(PQFP); high-pin-count, fine-pitch, ceramic, leaded chip carriers (CLCC); and ceramic, quad, flat 
packs (CQFP). In addition, AT&T offers assistance in resolving your special packaging needs. 


Packages such as chip carriers, pin-grid arrays, and small-outline configurations bridge the gap of 
advancements in chip technology and the developments in automated circuit-board assembly 
processes to lower circuit-board costs and enhance system performance. Currently, we offer a 
choice of packages in both through-hole and surface-mount technologies. These packages 
accommodate high packaging densities with proven reliability. 


As a member of JEDEC and its committees, AT&T has been instrumental in setting the standards for 
new packaging technologies. Our ongoing participation in JEDEC is your assurance that many of our 
packages not only meet industry standards, but in some cases actually help establish those 
standards. Our devices are protected by our conformance with the United States Semiconductor 
Chip Protection Act of 1984. 


All of our packaging support services, including sophisticated CAM systems and state-of-the-art 
assembly and testing procedures, enable us to provide "total IC service" to our customers. These 
qualities are what make AT&T a leader in integrated circuit technology and performance. 


Following is the summary of package types currently available. 
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Summary of Package Types: Plastic 


Packaging 


Through-Hole-Mount, Plastic Packages with 100-Mil Pin Spacing 


3-2 


PPO Nas 


80x80 
80x130 
90x90 
95x95 
105x105 
110x110 
125x125 


80x80 
90x90 
105x105 


Plastic DIP 


150x340 
130x280 
140x300 
360x440 
330x460 
380x380 
380x380 


Chip Size (mils) Pin Inductance (nH) Dimension 
| Min | Max | (mils) 
11 


320x810 

320x920 
3201040 
615x1270 
615x1470 
615x1580 
615x2070 


355x408 
355x508 
355x708 


Plastic, Leaded Chip Carrier 


e Chip Size (mils) Pin Inductance (nH) Dimension 
(mils) 


130x130 
180x180 
200x200 
230x230 


350x350 
410x410 
405x405 
450x450 


(ecw) | Min | Max | Min | Max 
10 


4 
7 
9 
9 


695x695 

995x995 
1190x1190 
1395x1395 


Plastic, Quad, Flat Package 
| Min’ | Max | Min” | Max |_—_ (mils) 
200x200 8 
240x240 
285x285 
380x380 


340x340 810x810 
910x910 
1100x1100 


1300x1300 


380x380 


5 
405x405 6 
8 
460x460 10 


© (° C/W) is in still-air-ambient. 

Capacitance: maximum 5 pF/pin (not including buffer and pad). 
Resistance: pin-to-pad maximum 0.15 Q/pin (nominal about 0.09 Q). 
Inductances are estimated worst-case values. 


The information listed above is meant to be used as a guideline only. For more detailed 
information regarding your requirements, please consult your AT&T representative. 
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Summary of Package Types: Ceramic Packaging 


Through-Hole-Mount, Ceramic Packages with 100-Mil Pin Spacing 


Ceramic DIP 


| Chip Size (mils) | Pin Inductance (nH) Dimension 
| Max | (mils) 
11 


80x80 325x815 


95x95 620x1212 
105x105 620x1412 
110x110 620x1625 
125x125 620x2020 
140x140 620x2420 


Ceramic Pin-Grid Array 


| Chip Size(mils) |__Pin Inductance(nH) _| Dimension 

| Min’ | Max | Min (mils) 
165x165 1000x1000 
175x175 1100x1100 
230x230 1320x1320 
265x265 1320x1320 
270x270 1320x1320 
285x285 1320x1320 
315x315 1560x1560 
370x370 1560x1560 
450x450 1560x1560 


DBWONNNNO OD 
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summary of Package Types: Ceramic Packaging 


Surface-Mount, Ceramic Packages with 50-Mil Pin Spacing 


Ceramic Chip Carrier - Leaded 


econ |e Se asl Pin Inductance (nH) Dimension 


pow | Min’ | Max | Min | Max _|_(mils) 
180x180 See 7 1 1080x1080 
100 230x230 | Note (6) 9 1 1365x1365 


Socket-Mount, Ceramic Packages with 50-Mil Pin Spacing 


3 
8 


Ceramic Chip Carrier - Leadless 


font @ | Chip Size(mils) | Pin Inductance (nH) 
ecw) | Min | Max | | Max | (mils) 
68 996x996 
1281x1281 


180x180 See 1 
100 230x230 | Note (6) 1 


Notes: 


2 
7 


@ (°C /W) is in still-air-ambient. 

Capacitance: maximum 5 pF/pin (not including buffer and pad). 
Resistance: pin-to-pad maximum 0.15 Q/pin (nominal about 0.09 Q). 
Inductances are estimated worst-case values. 


For ceramic packages, minimum chip dimensions are set by bond-pad spacing rules and 
wire-bond rules. Maximum chip dimensions are set by ceramic-package-layout rules, or in 
the case of very large chips, by reticle technology. 


6. Because of wide variation in package cavity sizes, chip sizes other than minimum are 
available upon request. 

7. The information listed above is a guideline only. For more detailed information regarding 
your requirements, please consult your AT&T representative. 
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Introduction Reliability & Quality 


In all AT&T products and services, quality is a major thrust. AT&T’s policy is to provide products and 
services that meet the quality expectations of our customers. In addition, AT&T actively pursues ever- 
improving quality through programs that enable each employee to do the job right the first time. 
Each employee is a part of the system that allows AT&T to provide high-quality products with long- 
term reliability. 


AT&T ASIC devices are no exceptions to the rule when quality and reliability are considered. The 
increasing demands on chip complexity and the constantly shrinking design rules dictate the need for 
defect-free product. This section describes the procedures adhered to during the design, 
manufacture, and shipment of AT&T ASIC devices which help to guarantee the highest quality and 
assure long term reliability. 


It is often the case that quality and reliability are used interchangeably, but there is a subtle 
difference. A quality product is one which is designed to be manufactured to perform to a 
predetermined degree of excellence. In addition to being a quality product, however, a reliable 
product is one which performs correctly and does not produce failures in time which exceed some 
predetermined limits. It will become apparent to the reader that there is a quality-by-design concept 
evident in not only the AT&T ASIC designs but also in the manufacture of their prototypes. This 
concept further translates into the reliability program AT&T uses to help assure customer product 
meets or exceeds customer needs. 
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Circuit Design, Prototype Reliability & Quality 
Fabrication & Product Manufacture 


From the start of the chip design, quality is built into the process. The use of CAD tools along with a 
thoroughly precharacterized cell library helps to assure a high rate of design sucess. Moreover, each 
AT&T design engineer presents his or her final design in a peer-design-review format. During these 
design reviews, a large team composed of experienced designers review all aspects of the chip 
design. It is not until each design passes such a review that approval is given to generate masks for 
manufacture of device models. 


Special engineering teams handle all aspects of the models’ manufacture, from the generation of 
mask sets, through the wafer fabrication, to the ultimate assembly of packaged devices. Masks are 
manufactured in the AT&T mask shop, which boasts a reputation for delivering the highest quality 
masks. To maintain the high quality of the masks, special protective layers called pellicles are used. 
Pellicles are mounted on the front and back surfaces of the masks to prevent any debris from being 
replicated on the wafers during the photolithography processes. MASKVIEW, a CAD tool developed 
by AT&T, can be used at any time to verify the correctness of the masks against the databases used 
to generate them. This further helps the job to be done right the first time, thus saving time and 
money. 


The prototype (or "prove-in") lots are fabricated in AT&T cleanrooms; these are the same cleanrooms 
in which the final proven-in devices will be manufactured. This concept of using manufacturing 
facilities for prototype fabrication helps to provide for an easier transition into product manufacture. 
There are no ’surprises’ that might be encountered moving from one fab line to another. One twenty- 
five-wafer lot is fabricated for each device prove-in. This lot provides wafers for prototype models 
on a quick turnaround basis. Twenty-four-hour engineering coverage helps to assure that these 
prove-in lots are processed as rapidly as possible and without problems. Parameters identified as 
important to the manufacture of the product lots are closely monitored for prove-in lots. Special test 
patterns which assess the electrical and cosmetic quality of the processing for each lot are tested 
once processing is completed. This information is used to generate databases describing the process 
quality over an extended period of time. In addition, this information is also used to quickly report 
process parameters to the fab lines since prove-in lots serve as health-of-the-line lots because they 
are processed more rapidly than production lots. 
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Circuit Design, Prototype Reliability & Quality 
Fabrication & Product Manufacture 


Any required failure-mode analysis of the prove-in lots is done by resident engineers who work 
closely with both the device prove-in engineers and AT&T product engineers. Models are assembled 
from prove-in wafers. They are tested and then shipped to the customer for evaluation. The 
protection of masks, fabrication of prove-in lots in the manufacturing environment, close attention 
to process parameters, and expert failure-mode analysis are some of the aspects that are built into 
device prove-in to help assure the ultimate high-quality of the code in manufacture. 


Defect density and electrical resistivity measurements are made on each wafer before it is used for 
the manufacture of an integrated circuit. Mask alignment, critical dimensions and pattern quality are 
measured and/or inspected on wafers at the photolithography operations. Final sizes are measured 
and the quality of patterns transferred after etching is inspected. Polysilicon, dielectric materials, and 
metallization levels are monitored for defect densities, particle checks, and thickness uniformity. 
These in-process monitors are reviewed on a lot-by-lot basis. In addition, these process monitors are 
also used to maintain the fabrication lines at peak operating levels by identifying and correcting any 
problems as they occur. Electrical parameters are measured on sample wafers from each completed 
lot. Certain specifications, especially relating to electrical channel lengths, must be met before a lot 
can be shipped for package assembly. 


In package form, a process referred to as burn-in is performed to weed out potentially weak devices. 
During burn-in, high temperature and high voltage are used to stress the devices and accelerate the 
failure rate. The circuit can be clocked at either 100 kHz or 1 MHz to additionally stress the device 
during burn-in. Burn-in accelerates the initial dropout (‘infant mortality’ rate) and helps to ensure 
that potentially unreliable devices do not find their way into customer product. 
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Qualification of a New Technology Reliability & Quality 


AT&T ships devices under a reliability program to meet customer requirements, typically 100 FITS at 
40 years. This assurance of reliability, however, cannot occur until the integrated circuit family 
(package type, process technology, etc.) has undergone a technology qualification which achieves 
these high levels of reliability. Such technology qualifications are the responsibility of the appropriate 
AT&T design organizations. Once a process technology is qualified, changes made to the process 
require that some re-qualification testing be done. 


To begin the qualification procedures, samples are processed, tested, screened, and inspected in the 
usual manner. This means that no special attention is given to the samples that would distinguish 
them from ordinary product. Samples used for qualification are composed of approximately equal 
numbers from three wafer-processing lots. When the devices have been stressed and then tested, 
an electrical failure is defined as a device which does not meet data sheet or end-of-life test 
specifications. It is imperative that all electrical failures are confirmed for a second time and then 
analyzed for their causes of failure. 


Intermediate Qualification 


An intermediate qualification of a new process, demonstrating 300 FITS in 10 years, can be done to 
allow the shipment of product prior to devices passing a full qualification. Devices are shipped under 
this intermediate qualification on a limited basis with the requirements that customers are notified of 
this special status and that intermediate devices are codemarked appropriately. Intermediate devices 
are shipped for an amount of time limited to six months from the initial shipment of coded devices. 


Full Qualification 


A new process technology for MOS devices in plastic packages is considered to be fully qualified 
when all AT&T IC Reliability Standards have been met. The successful completion of all appropriate 
qualification procedures demonstrates a 100 FIT, 40-year life for product fabricated on a particular 
wafer process line. Each fab line is separately qualified for each process technology. This helps assure 
that the customer receives the identical quality product regardless of its location of manufacture. 


Changes made to a qualified process technology must be followed by re-qualification testing. 
Although it is not necessary that all qualification tests be repeated, a subset of the original tests is 
done for passivation, metallization, and diffusion changes. 

New package qualification, using chips from qualified process technologies, requires additional tests. 
Since AT&T has package assembly locations throughout the world, each location is fully qualified to 
help assure identical quality of all products to our customers. 


Reliability qualification tests and test methods used by AT&T are tabulated on the following page. 
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Qualification Tests 


a 
Test Test Description Note(1) 
1. LT-1 | High Temp. Op. Bias, 125 °C jsons 
- High Temp. Op. Bias, 150 °C 
CLASS Note (2) 
Temp.-Humidity-Bias 


N | | 01) & 1 {Po 6 
- 
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hex 
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Thermal Shock M-1011 
Moisture Resistance M 
8. LK Gross/Fine Leak M-1014 
Salt Atmosphere | M-1009 
Internal Water Vapor | M-1018 | 


Low Temp. Aging -757203 
Soft Error Rate M-1032 
Photo Sensitivity 
Flammability & UL 94 & 
O, index ASTM 2863-77 
16. SR Solvent Resistance M-2015 
nternal Visual 
Physical Dimensions 
19. SD Solderability 
20.MS_ | Mechanical Shock M-2002 
21.VF | Variable Freq. Vib. 
Const. Acceleration M-2001 


Mechanical Sequence Note (4) 


Nm |nP 
| 
DIO 
ap 
m x< =| 
” 


24. Li Lead Integrity M-2004 
Bond Strength M-2011 
26. DS Die Shear Strength M-2019 
27. XR -ray M-2012 
Lid Torque 
29. ES X-19435 
Latch-up 


NOTES: 
1. M-XXXX.X denotes test method as specified in MIL-STD-883. 


2. CLASS (AT&T-BL L-757214) Component and Lead Assembly Simulation Sequence 
3. Applies only to product packaged in white ceramic or white plastic. 


4. Mechanical shock, variable frequency vibration, constant acceleration and gross/fine leak 
tests performed in sequence with the same samples. 


Reliability & Quality 4-5 


Reliability Monitoring Program Reliability & Quality 


After the devices meet the AT&T's qualification requirements, they are committed to production. Their 
continued long-term reliability is assured to be at the maximum failure rate of 100 FITS after 40 years 
of life. A comprehensive reliability monitoring program administered by AT&T guarantees that 
customer product is maintained at this reliability level. 


The AT&T reliability testing program provides for two-level testing. Level 1, performed on a six- 
weeks basis, is equivalent to 40 years of life. Level 2, performed on a weekly basis, provides on- 
going reliability data ensuring 300 FIT, 10 year life. This difference does not imply a variation in the 
reliability levels of shipped customer product. Since all product is manufactured in the same rigid 
manner, level 1 provides data to evaluate devices against long-term goals, while level 2 provides early 
warning should a reliability problem occur. 


To help ensure that all products are completely covered under this reliability program, products are 
grouped together by basic design style and function. These groupings, or families, include memories, 
microprocessors, digital signal processors, codec/analog devices, and ASIC devices. Further division 
in each family occurs as individual test groups are designated based on those factors likely to be 
affected by each test performed. Examples of individual test groups are wafer-fab lines, package 
materials, package types, and package-assembly lines. 


Some testing times are very long, as previously noted. In some cases, an entire week’s shipment 
might ordinarily be delayed pending the completion of testing of some reliability samples. To avoid 
this situation and to help assure the best delivery to customers, early shipment privileges are given to 
those testing groups which consistently demonstrate good reliability levels. Early shipment 
qualification is based on a weighted average of the four most recent lots. This level is continually 
monitored with each new test; early shipment privileges can be lost if the weighted average exceeds 
a predetermined limit. There will be no compromise in reliability assurance for the sake of early 
shipment. 


Most product is sampled under the ‘normal sampling’ procedure. This means that a representative 
device is chosen from the test group to represent all other codes in the same test group. In some 
cases, however, codes in a test group may be tested on a lot-by-lot basis because previous samples 
exceeded the predetermined failure limit. Each device in the test group must individually pass the 
reliability test. 


Devices which do not pass reliability testing undergo failure analysis to determine if they are truly 
reliability failures. Full characterization of all defectives is done to evaluate failure modes and causes. 
These characterizations impact on product reliability and future product shipping status. 


Data, segregated by families and testing groups, is generated and reviewed on a weekly and quarterly 
basis for both level 1 and level 2 testing. This data allows all samples to be traced back to wafer-fab- 
line and package-assembly location. 


Summary 


AT&T is Committed to providing our customers with the highest quality product. ASIC devices are 
designed and manufactured to the highest quality; their long-term reliability is assured to be less than 
or equal to 100 FITS in 40 years of life. This is accomplished by design, process, and product 
engineers working together. In addition to these human resources, the finest software, highly 
innovative procedures, state-of-the-art manufacturing facilities, and good discipline contribute to the 
high-quality product available to our customers. 
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1/O Buffer Selection Guide 1/O Buffers 


The AT&T 0.9 wm CMOS Standard-Cell Library offers a rich selection of circuits to interface your 
chip with the outside world. This selection guide helps you to quickly see what is in the library, and 
allows you to select the circuit that best fits your needs. 


There are three types of I/O buffers in the library, namely: 
¢ Input Buffers 


¢ Output Buffers 
e Bi-directional Buffers 


Input Buffers 


Each input buffer cell contains a bonding pad, power and ground busses, an ESD protection 
network, and the appropriate circuitry. Table 1 is a summary of the input buffers available in the 
0.9 um CMOS library. 


Table 1. 0.9 um CMOS Input Buffers 


PROPAGATION 
INPUT BUFFER TYPE | NAME DELAY * 


Non-Inverting BIHO5 5 ns 
TTL-Level BIH10 10 ns 
with Hysteresis BIH20 20 ns 


Inverting 
CMOS-Level 


Non-Inverting 
TTL-Level 


ESD Protection 
Network Only 
Inverting 
CMOS-Level BISO7 7 ns 
Schmitt Trigger 
Inverting BIT06 
TTL-Level BIT11 
Schmitt Trigger 


* Input buffer delay under the following conditions; slow processing, T = 125° C, Vj = 4.5 V and a 
load capacitance of 5 pF. 
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Input Buffers With Pull-Ups 


Each input buffer can have a P-transistor pull-up attached to the input pad. Four possible minimum- 
value equivalent resistances are available: 20, 50, 100, and 200 KQ. Table 2 lists current drawn from 
an external source by the pull-up under various conditions. The six entries for each pull-up value 
correspond respectively to: maximum current with AT&T guard-band, maximum current under normal 
operation, maximum current during test, minimum current during test, minimum current under normal 
operation, and minimum current with AT&T guard-band. 


Table 2. Pull-Up Resistor Current Limits 


Conditions 
Pull-up Value 


High Current 
High Current 
200K 


High Current 
Low Current 
Low Current 
Low Current 
High Current 
High Current 
High Current 
Low Current 
Low Current 
Low Current 
High Current 
High Current 
High Current 
Low Current 
Low Current 
Low Current 
High Current 
High Current 
High Current 
Low Current 
Low Current 
Low Current 


5-2 /O Buffers 


1/O Buffer Selection Guide 


Output Buffers 


/O Buffers 


Each output buffer cell contains a bonding pad, power and ground buses, an ESD protection 
network, and the appropriate circuitry. The selection of output buffers available in the 0.9 um CMOS 
Library is illustrated in Table 3 below: 


Table 3.0.9 pm CMOS Output Buffers 
OUTPUT BUFFER PROPAGATION 
TYPE DELAY * 


Non-Inverting 
TTL-Level 
Open-Collector 


Non-Inverting BOM05 
CMOS-Level BOM10 10 ns 
3-state BOM15 


Non-Inverting 
TTL-Level 


Non-Inverting 
TTL-Level 
3-state 


Output Driver Only 
TTL-Level 
No Inherent Logic 


“ Output buffer delay under the following conditions; slow processing, T = 125 ° C, Vop = 4.5 V and 
a load capacitance of 50 pF. 
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Bi-Directional Buffers 


A bi-directional buffer (I/O Port) consists of the combination of an input buffer and an output buffer. 
There are five families of bi-directional I/O buffers, distinguished from each other by having different 
pairings of input buffers with output buffers, as described in Table 4. The five bi-directional 1/O 
families are summarized in Tables 5 and 6. The italicized terms id and od represent the propagation 
delays of the input and output stages, respectively. 


Table 4. 0.9 um CMOS Bi-Directionall/O Buffers 


VO Family | Input Buffer Output Buffer Reference 


BHidCod Non-Inverting Non-Inverting, Open Collector See Table 5. 
("BIH"-type) ("BOC"-type) 


BHidTod Non-Inverting Non-Inverting, 3-State See Table 5. 
("BIH"-type) ("BOT "-type) 


BHidXod Non-Inverting Output Driver Only See Table 5. 
("BIH"-type) ("BOX"-type) 


BMidM od Inverting Non-Inverting, 3-State See Table 6. 
("BIM"-type) ("BOM"-type) 


BNidTod Non-Inverting Non-Inverting, 3-State See Table 7. 
("BIN"-type) ("BOT "-type) 


BNidXod Non-Inverting Output Driver Only See Table 7. 
("BIN"-type) ("BOX"-type) 


Table 5. BHidCod, BHidTod and BHidXod Bi-Directional Buffer Families 


Input Buffer 
Delay (ia)tt 6 ns 


BH05*06 


Output Buffer Delay (oa)! 


8 ns 10 ns 15 ns 20 ns 30 ns 


BH05*10 


BH10*15 


BH10*08 


BH20*06 BH20*10 BH20*20 | BH20*30 


t Output buffer delay under the following conditions: slow processing, T = 125° C, Vp, = 4.5 V anda 
load capacitance of 50 pF. 

Tt Input buffer delay under the following conditions: slow processing, T = 125° C, Vip) = 4.5 V anda 
load capacitance of 5 pF. 
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Table 6. BMidMod Bi-Directional Buffer Family 


Input Buffer Output Buffer Delay (oa)! 
Delay (ia)tt 5 ns 10 ns 15 ns 


BMO02M05 


BMO03M05 } BM03M10 
BMO5M05 | BM0O5M10 | BM05M15 


BM10M05 | BM10M10 | BM10M15 


t Output buffer delay under the following conditions: slow processing, T = 125° C, Vp, = 4.5 V and a 
load capacitance of 50 pF. 

tt Input buffer delay under the following conditions: slow processing, T = 125° C, Vp, = 4.5 V and a 
load capacitance of 5 pF. 


Table 7. BNidTod and BNidXod Bi-Directional Buffer Families 


Input Buffer Output Buffer Delay (oa)' 
Delay (ia)tt 8 ns 15 ns 20 ns 30 ns 40 ns 80 ns 
BN06*08 
BN10*10 


BN15*08 BN15*15 


BN20*10 BN20*20 | BN20*30 


BN25*15 | BN25*20 BN25*40 | BN25*80 


¢ Output buffer delay under the following conditions: slow processing, T = 125° C, Vp) = 4.5 V and a 
load capacitance of 50 pF. 

tt Input buffer delay under the following conditions: slow processing, T = 125° C, Vpp) = 4.5 V and a 
load capacitance of 5 pF. 


Bidirectional I/O Buffers with Pull-Ups 


As with input buffers, each bidirectional I/O buffer can have a P-transistor pull-up attached to the 
pad. Refer to Table 2 for the resistor values available and their current limits. 
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Once buffer circuits have been selected on the basis of logic function, power, and speed, you are still 
faced with a choice of layout format. Each buffer circuit is available in two layout formats: -D or -T 
format layout. The format is indicated by the cell name suffix (e.g., BOMO5D or BOMO5T). Table 8 
summarizes the characteristics of each layout style. 


Table 8. 0.9 um CMOS Buffer Layout Information 
LAYOUT CELL CELL WIDTH 
Format | KEYWORD |  pHeiGgHt (Cell Dependent) 


283.50 um 
po Default 11.16 mils 192.95 um — 310.40 um 


Tall 522.90 um 
(Pad Limited) | 20.59 mils 175.00 um 


Before Layout. If it is known a chip design will not be pad-limited, pre-layout timing simulations may 
use the -D style buffers. If it is known a chip design will be pad-limited, pre-layout timing simulations 
may use the -T style buffers. If it is unknown whether a chip will be pad-limited or not, it is suggested 
that the -T style buffers be used anyway, as they have larger parasitic capacitances. 

During Layout. Once chip layout begins, the choice of the right style of buffer (-D or -T) becomes 
very important. The following guidelines will help choose the correct buffer layout style, so that the 
smallest possible chip area may be obtained. 
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Non-Pad-Limited Chips - This includes chips with a small number of pins, or a very large gate 
count. The -D (or short) layout style is suggested, as it yields the smallest chip size (see Figure 1). 
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Figure 1. Buffer Ring for a Chip that is Not Pad-Limited 


DCGRHER 


The only layout precaution required is when a buffer’s edge closest to its pad faces another buffer’s 
pad edge; they must be separated enough to satisfy wire-bond rules, namely pad-center-to-pad- 
center separation greater than or equal to 7 mils (175 um). They may otherwise be abutted freely. 
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Selecting the Layout Format /O Buffers 


Pad-Limited Chips - This includes chips with a large number of pins and/or a small gate count. If the 
chip layout uses buffers with -D style layouts, these cells may NOT be used in the same buffer row as 
a -T style buffer. The -D cells must also be used in the manner previously described for non-pad- 
limited chips (see Figure 2). 
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Figure 2. Buffer Ring Using a Combination of -D and -T Style Buffers 
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Selecting the Layout Format I/O Buffers 


Chips that are Strongly Pad-Limited - If the chip uses -T style buffers exclusively (see Figure 3), 
no special precautions have to be taken with regard to buffer placement. 
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Figure 3. Buffer Ring for a Chip that is Strongly Pad-Limited 
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ESD and Latch-Up Protection : /O Buffers 


Each buffer circuit includes a circuit network connected to the bonding pad. This network performs 
two functions: it protects the buffer logic from Electro-Static Discharge (ESD) originating at the 
chip pins and prevents latch-up spur currents from entering the internal chip logic. The protection 
network layout is tailored to each of the -D and -7 buffer formats. 


Electro-Static Discharge 


Buffers have been characterized for two types of ESD events: the Human-Body Model (HBM), and 
the Charged-Device Model (CDM). The Human-Body Model simulates the effect of a charged person 
contacting the device. The Charged-Device Model simulates the electrical discharge caused by the 
tribo-electrical charging of a packaged device. 


Devices are characterized for HBM and CDM by using the methodology prescribed by the AT&T 
spec X-19435, Issue 2. Devices are also characterized for HBM according to the methodology 
prescribed by MIL-STD 883C Method 3015.6. 


Latch-Up 


Latch-up occurs when parasitic vertical and lateral bi-polar transistors, which form a P-N-P-N 
structure from Vp, to Vog, turn on. One way latch-up can be triggered is by applying external 


voltages greater than Vpp or less than Voz to I/O buffer pads. The current supplied by the external 


source forward-biases one of the ESD protection diodes connected to the pad and triggers the P-N- 
P-N SCR. The high-current SCR will remain turned on until the device self-destructs, or power is 
removed. 


Table 9 gives I-V conditions above which latch-up may occur. 


Table 9. -0.9 um CMOS Latch-Up Reliability 


VO Pad Current | I/O Pad Voltage 
Vgg - 1.6V 
Vpp_ + 2.5V 
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Ground-Bounce 1/O Buffers 


Chips with high-speed output buffers driving large capacitive loads generate voltage spikes on the 
power busses. These voltage spikes are produced when high-speed output buffers generate rapidly 
changing currents through the parasitic inductance in the package and bonding wire. Although 
inductive noise occurs on both the V,, and Vg, buses, ground-bounce is more noticeable a problem 


since most buffers are TTL compatible and therefore have a Vg, noise margin much less than their 
Vpp Noise margin. 


There are several steps the designer can take to reduce the overall chip ground-bounce. 
System Design: 
¢ Consider CMOS-level compatible I/O over TTL-level compatible 1/O. 


Package Selection: 
- Dedicate as many pins as possible to V., and Vp, with emphasis on Vgc. 


¢ If possible, make separate power pins available to isolate fast buffers from other 
sensitive circuits. 
¢ Place the V.. pins where the internal package lead and the wire bond will be shortest. 


Do not place consecutive V., pins in groups. Lower overall noise is achieved by 
interdigitating V., with either V,, or signal pins. 


Layout: 

¢ Select output buffers with care. Use the slowest possible output buffer necessary to 
satisfy through-put delays and sink/source current requirements. 

* If possible, speed up paths with high-power standard-cells, while using the next 
slowest output buffer. 

¢ If an output pin requires high sink/source current but does not require high speed, use 
the "X" driver cells (e.g. BOX08D). The output driver speed and noise can then be 
controlled with a standard-cell subcircuit network. 
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Measurement Conditions //O Buffers 


This section describes the various parameters given in the Circuit Information and Layout 
Information tables in the Cell Pages following. Unless otherwise stated, the parameters were 
measured in the ADVICE simulator. 


There is a small set of process and environmental conditions that simulate the worst-case 
performance of all the tests and measurements listed in the circuit information tables. These 
conditions are noted as: 


WCF - Worst-Case Fast 


This set of process and environment parameters causes CMOS devices to exhibit the lowest 
parasitic capacitance and impedance and the greatest speed and current-driving capability. It 
is characterized in the simulator with the following conditions: 


¢ Fast process 

bd Vop = 5.5 V 

-T=0°C 
NOM - Nominal 


This set of process and environment parameters causes CMOS devices to exhibit the typical 
Capacitance and impedance and the nominal speed and current-driving capability. It is 
characterized in the simulator with the following conditions: 


¢ Nominal process 
* Vpop = 5-0 V 


°T=25°C 
WCS - Worst-Case Slow 


This set of process and environment parameters causes CMOS devices to exhibit the highest 
parasitic Capacitance and impedance and the slowest speed and current-driving capability. It 
is characterized in the simulator with the following conditions: 


¢ Slow process 
* Vop = 4.5 V 


°T=125°C 
General 


Capacitance (WCS). The capacitance associated with the circuit input(s) and output(s) is extracted 
from data calculated by a layout analysis computer program, GOALIE2. 


In the case of bonding pad nodes, the extracted capacitance value DOES NOT include any wire- 
bond or package capacitances. 


Leakage Current (Fast process, V,, = 5.5 V, T = 125°C). After manufacture, input pins are test- 


ed to pass 0.9 pA current leakage and output pins are tested to pass 9 pA current leakage with the be- 
ginning-of-life (BOL) test. With end-of-life (EOL) test, inputs are tested to pass 1 pA current leak- 
age, and outputs are tested to pass 10 pA. 
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Measurement Conditions /O Buffers 


Input Buffers 
(includes input buffers used in the bidirectional buffers) 


DC Power (WCF). For TTL compatible input buffers, the input gate bias is first held at V,, = 0.8 V (a 
TTL 0), and at V,,, = 2.0 V (a TTL 1). For MOS-level input buffers, the input gate bias is held at 1.0 V 


Under both tests, the current from Vp, to Vogg is measured. The largest of these two values is 
multiplied by V,, and recorded as the maximum DC power. 


Propagation Delay (NOM). The propagation delay for input buffers is defined as the time separating 
two events: 
¢ The buffer input switching to a valid input logic level. 


¢ And the buffer output crossing V,)/2. 


This measurement is made for both rising and falling input edges over a range of output load 
Capacitances from 1 pF to 5 pF. The input voltage has rise and fall times of 2 ns. 


The measurement conditions of propagation delay for TTL-compatible input buffers are illustrated in 
Figure 4 below. The valid input logic levels are defined to be Vie = 0.8 V and Vin = 2.0 V. 


TTL Input 


Figure 4. Measurement Conditions - TTL Level Input Buffer Propagation Delay 
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V- (Fast N process, slow P process, V,p, = 4.5 V, T = 125 °C). V- denotes the lowest low-going 


threshold voltage of a circuit with hysteresis. See Figure 6 below. Under these process and 
environmental variables, V- achieves its lowest value in BIH- type input and bi-directional buffers. The 
BIS- and BIT- Schmitt Trigger buffers may exhibit their lowest V- at different conditions than these, 
however. 


A DC analysis is performed though the switching region, and the input voltage at which the circuit 
output crosses V,,)/2 is recorded as V- (see also Hysteresis). 
V+ (Slow N process, fast P process, V,p) = 5.5 V, T = 0 °C). V+ denotes the greatest high-going 


threshold voltage of a circuit with hysteresis. See Figure 6 below. Under these process and 
environmental variables, V+ achieves its greatest value in BIH-, BIS- and BIT- type input and bi- 
directional buffers. 


A DC analysis is performed though the switching region, and the input voltage at which the circuit 
output crosses V,)/2 is recorded as V+ (see also Hysteresis). 


VoUT(NON-INVERTING) 


~< Hysteresis > 


VoUTIINVERTING) 


~< Hysteresis > 


VIN 
V- V+ 


Figure 6. Measurement Conditions - Input Buffer V-, Hysteresis and V+ 


Vic (Fast N process, slow P process, Vop = 4.5 V, T = 125 °C). Vio denotes the lowest DC 
switching voltage (V\,) exhibited by a circuit. A DC analysis is made under these conditions, and the 
input voltage at which the circuit output crosses Vpp/2 is recorded as V, 5. 


Vi (Slow N process, fast P process, Vj) = 5.5 V, T = 0 °C). V,,, denotes the highest DC 
Switching voltage (V,,) exhibited by a circuit. A DC analysis is made under these conditions, and the 
input voltage at which the circuit output crosses VDD/2 is recorded as Vip: 
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Measurement Conditions 1/O Buffers 


For MOS-level input buffers, the delay function is determined by simulations using an input waveform 
with a rail-to-rail pulse with rise and fall times of 2 ns. This is illustrated in Figure 5 below. 


CMOS Input 


Figure 5. Measurement Conditions - CMOS Level Input Buffer Propagation Delay 


Minimum Input Slew (WCF). The Minimum Input Slew Rate of an input buffer is defined as the 
slowest voltage ramp applied to the input that does not cause the input buffer to oscillate between 
logic 0 and 1 during switching. 


An AC-stability analysis is performed over several input biases, determining the range of input 
voltages over which the input buffer is unstable. A set of transient analyses is then performed in 
which the input ramps through the region of instability. The slowest ramp rate that stimulates a 
buffer output that can read unambiguously by standard-cells is recorded as the Input Slew Rate. 


In BIH input buffers and BH bidirectional buffers, the circuit is AC-stable but may still lose data 
because of sub-threshold leakage effects. For these cells, the minimum input slew rate is calculated by 
using process sub-threshold leakage current limits and the circuit hysteresis (see also Hysteresis). 


Hysteresis (Slow process, Vpp = 4.5, T = 0 °C). The hysteresis of BIH buffers is not a true 


hysteresis, although it models one because of the output stage entering a 3-state mode. The range of 
hysteresis for BIH buffers is therefore defined by the region of input voltage over which the output 
is in 3-state. See Figure 6 below. 


A DC analysis is performed though the switching region, and current drawn by the output stage 
from an external resistor network is monitored. The region over which no current is drawn or 
supplied by the output stage is recorded as the minimum hysteresis. 
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Output Buffers (MOS-Level) 
(includes MOS-level output buffers used in bidirectional buffers) 


DC Sink/Source Current (WCS). An output logic 0 is enabled, and a voltage source of 0.5 V is 
applied to the output. The current drawn by the output buffer from the external voltage source is 
recorded as the DC Sink Current. Similarly, an output logic 1 is enabled, and a voltage source equal 
to Vpp - 0.5 V is applied to the output. The current supplied by the output buffer to the external 


voltage source is the DC Source Current. Worst-case package and wire-bond parasitic resistance 
values of 0.10 2 and 0.05 Q, respectively, are included in this evaluation. An estimate of power-bus 
resistance of 0.35 Q (corresponding to 10 sq. of metal) is also included. 


Propagation Delay (NOM). The propagation delay for output buffers is defined as the time 
separating two events: 
The buffer input switching to a valid logic level, by crossing V,,/2, 


¢ And the buffer output crossing V,)/2. 


The buffer input is loaded with an average routing capacitance and routing resistance and is driven by 
a performance-optimized INRB standard cell. The rising and falling edge propagation delays are 
measured over a range of output load capacitances from 0 pF to 200 pF. The waveforms and levels 
involved are illustrated in Figure 8 below: 


CMOS Input 


Figure 8. Measurement Conditions - MOS-Level Output Buffer Propagation Delay 
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Measurement Conditions /O Buffers 


Output Buffers (TTL-Level) 
(includes TTL-level output buffers used in bidirectional buffers) 


DC Sink/Source Current (WCS). An output logic 0 is enabled, and a voltage source equal to a TTL 
0 (0.4 V) is applied to the output. The current drawn by the output buffer from the external voltage 
source is recorded as the DC sink current. Similarly, an output logic 1 is enabled, and a voltage 
source equal to TTL 1 (2.4 V) is applied to the output. The current supplied by the output buffer to 
the external voltage source is the DC source current. Worst-case package and wirebond parasitic 
resistance values of 0.10 Q and 0.05 Q, respectively, are included in this evaluation. An estimate of 
power bus resistance of 0.35 Q (corresponding to 10 sq. of metal) is also included. 


Propagation Delay (NOM). The propagation delay for output buffers is defined as the time 
separating two events: 
1) The buffer input switching to a valid logic level, by crossing V,,/2, 


2) And the buffer output achieving a valid TTL level, where Logic 1 V,, = 2.4 V, and Logic 0 
Vo = 0.4 V. 
The buffer input is loaded with an average routing capacitance and routing resistance and is driven by 
a performance-optimized INRB standard cell. The rising- and falling-edge propagation delays are 


measured over a range of output load capacitances from 0 pF to 200 pF. The waveforms and levels 
involved are illustrated in Figure 7 below. 


CMOS Input 


Figure 7. Measurement Conditions - TTL-Level Output Buffer Propagation Delay 
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Measurement Conditions /O Buffers 


3-State Delay - (NOM) For 3-state output buffers the 3-state delay is defined as the time required 
for the circuit to go into the 3-state mode and is defined as the time separating the following events, 
as shown in Figure 9 below: 
¢ The 3-state control inputs (ST and STN) both switching to the complimentary logic 
levels that select the 3-state function, by crossing V,,/2. 


¢ And both transistors of the output driver going into their respective cutoff regions. 


The 3-state control inputs are loaded with average routing capacitances and resistances and are 
driven by performance-optimized INRB standard cells. The driver achieves 3-state when both P and 
N driver transistors are in cutoff. That is, when: 
* The N-channel driver gate (node !1) voltage is less than V_,,, the N-transistor 
threshold voltage. 
¢« And the P-channel driver gate (node 12) voltage is greater than (Vp, - Vp), a P- 
transistor threshold voltage below Vp. 


The delay coming out of 3-state (if the new logic state does not equal the old logic state) is equal to 
the propagation delay of the circuit. 


i<— 3-State Delay — 


Figure 9. Measurement Conditions - Output Buffer 3-state Delay 
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Ancillary Features //O Buffers 


Ancillary features are XY-mask geometries that perform no real logic function on the chip but are 
nonetheless necessary to aid in layout completion, chip identification and chip manufacture. The 
clumps in Table 10 may be used to route power connections from bonding pads to the buffer and 
Standard-cell areas. All power pads have ESD protection between V,, and Vgg included in the 


layout. 


Table 10. Power Routing Ancillary Clumps 


D2TCRNR 
DCORNER 
DCVDDI 
DCVSSI 


DFVDDI 
DFVDDIP 


DFVDDM2F 
DFVDDPO 


DFVDDP1 


DFVDDP2 


DFVSSI 
DFVSSIP1 


DFVSSIP2 


DFVSSM2F 


DFVSSP1 


DFVSSP2 


TCORNER 
TCVDDI1 


TCVDDI2 


TCVSSI 


l/O Buffers 


Chip-corner power bus, connects D to T type I/O buffers 
Chip-corner power bus 

Chip-corner power pad, supplies Vpp to I/O buffers only 
Chip-corner power pad, supplies Vss to I/O buffers only 
Chip-edge power pad, supplies Vpp to I/O buffers only 
Chip-edge power pad, supplies Vpp to I/O buffers and standard 
cells 

Chip-edge power jump-module, supplies Vpp to standard cells 
Chip-edge power pad, supplies Vpp to standard cells only with 
no Vss tabs 

Chip-edge power pad, supplies Vpp to standard cells only with 
Vss tab on right side 

Chip-edge power pad, supplies Vpp to standard cells only with 
Vss tabs on both sides 

Chip-edge power pad, supplies Vss to I/O buffers only 
Chip-edge power pad, supplies Vss to I/O buffers and standard 
cells with Vpp tab on right side 

Chip-edge power pad, supplies Vss to I/O buffers and standard 
cells with Vpp tabs on both sides 

Chip-edge power jump-module, supplies Vss to standard cells, 
passes Vpp unbroken 

Chip-edge power pad, supplies Vss to standard cells only with 
Vpp tab on right side 

Chip-edge power pad, supplies Vss to standard cells only with 
Vpp tabs on both sides 

Chip-corner power bus 

Chip-corner power pad, supplies Vpp to I/O buffers only with 
Vss tabs on right side 

Chip-corner power pad, supplies Vpp to I/O buffers only with 
Vss tabs on both sides 

Chip-corner power pad, supplies Vss to I/O buffers only 
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Ancillary Features /O Buffers 


Table 10 (Cont’d). Power Routing Ancillary Clumps 


TFVDDI1 Chip-edge power pad, supplies Vpp to I/O buffers only with Vss 
tabs on right side 

TFVDDI2 Chip-edge power pad, supplies Vpp to I/O buffers only with Vss 
tabs on both sides 

TFVDDIP1 Chip-edge power pad, supplies Vpp to 1/O buffers and standard 
Cells with Vsg tabs on right side 

TFVDDIP2 Chip-edge power pad, supplies Vpp to !/O buffers and standard 
cells with Vss tabs on both sides 

TFVDDM2F Chip-edge jump-module, supplies Vpp to standard cells 

TFVDDP1 Chip-edge power pad, supplies Vpp to standard cells only with 
Vss tabs on right side 

TFVDDP2 Chip-edge power pad, supplies Vpp to standard cells only with 
Vss tabs on both sides 

TFVDM2P Chip-edge power pad, supplies Vpp to standard cells only, 
passes Vss through unbroken 


TFVSM2IP Chip-edge power pad, supplies Vsg to 1/O buffers and standard 


cells, passes Vpp through unbroken 

TFVSM2P Chip-edge power pad, supplies Vss to standard cells only, 
passes Vpp through unbroken 

TFVSSI Chip-edge power pad, supplies Vss to I/O buffers only 

TFVSSIPO Chip-edge power pad, supplies Vss to I/O buffers and standard 
celis with no Vpp tabs 

TFVSSIP1 Chip-edge power pad, supplies Vss to I/O buffers and standard 
Cells with Vpp tabs on right side 

TFVSSIP2 Chip-edge power pad, supplies Vss to I/O buffers and standard 
cells with Vpp tabs on both sides 

TFVSSM2F Chip-edge jump-module, supplies Vss to standard cells, passes 
Vpp through unbroken 

TFVSSPO0 Chip-edge power pad, supplies Vsg to standard cells only with 
no Vpp tabs 

TFVSSP1 Chip-edge power pad, supplies Vssg to standard cells only with 
Vpp tabs on right side 

TFVSSP2 Chip-edge power pad, supplies Vss to standard cells only with 
Vpp tabs on both sides 
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Bi-Directional Buffer BHidCod|[D, T] 


BIH- Input Stage, BOC- Output Stage 


FUNCTIONAL DESCRIPTION: 
Non-Inverting, TTL-Level, Input Stage with Hysteresis, 
Non-Inverting, TTL-Level, Open-Collector, Output Stage 


CELL NAME DEFINITIONS: 
id = WCS input-stage delay inns @ 5 pF load 
od = WCS output-stage delay in ns @ 50 pF load 
[D,T] = available layout formats 


EXAMPLE: BHO5C06D 
INPUTS: A, PADI 


OUTPUTS: Z, PADO 
MOTIS Gate Count: 5 


Truth Table 


MOTIS Model 


13 


PADO PADI Z 


A 
D » | 12 
Vss 


Circuit Capacitances 


p Node 
corname | 5 pab(oF PAT 


BHO5C06 
BH05C10 
BH10C08 


BH10015 
BH20C06 
BH20C10 
BH20C20 
BH20C30 


0.409 pF 
0.119 pF 
0.170 pF 
0.077 pF 
0.409 pF 
0.119 pF 
0.078 pF 
0.067 pF 


4.375 pF 
3.776 pF 
3.748 pF 
3.336 pF 
4.791 pF 
4.192 pF 
3.727 pF 
3.582 pF 


5.576 pF 
5.001 pF 
4.969 pF 
4.524 pF 
5.940 pF 
5.362 pF 
4.918 pF 
4.848 pF 


* Pad capacitance varies with layout format. 
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Bi-Directional Buffer BHidCod[D, T] 


Input-Stage Circuit Performance 


Propagation Delay 2 
DC Power 1 


2.89 oat pi 
as 
<7 See a 
satin as abe 
ae 
aps 
em 
roe | TSG abe 


1) Fast process, Vjjn =5.5V, T=0°C. 
2) Nominal process, Vpj = 5.0 V, T= 25°C. 


BH05C06D 
BHO5CO6T 
BH05C10D 
BHO5C10T 
BH10C08D 
BH10C08T 
BH10C15D 
BH10C15T 
BH20C06D 
BH20CO06T 
BH20C10D 
BH20C10T 
BH20C20D 
BH20C20T 
BH20C30D 
BH20C30T 


V- 3 | Hysteresis4 | V+ 5 
1.0V 260 mV 18V 


3) Fast N process, slow P process, Vpp 
4) Slow process, Vjynp = 4.5V, T=0°C 
5) Slow N process, fast P process, Vj) =5.5V, T=0°C 


=45V,T=125°C 
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Bi-Directional Buffer 


Output-Stage Circuit Performance 


Propagation Delay DC Current 2 
- cae et six 


BHO5CO6T | 0.272 ns/10pF | 1.009 ns 
BHO5C10T | 0.608 ns/10pF | 1.441 ns 
BH10CO8T | 0.488 ns/10pF | 1.211 ns 


BH10C15T | 0.799 ns/10pF | 1.965 ns 
BH20CO6T | 0.272 ns/10pF | 1.019 ns 
BH20C10T | 0.608 ns/10pF | 1.463 ns 
BH20C20T | 1.711 ns/10pF | 1.534 ns 
BH20C30T | 2.392 ns/10pF | 2.088 ns 
1) Nominal process, Vjp = 5.0 V, T = 25°C. 
2) Slow process, Vppj = 4.5 V, T= 125 °C. 


Layout Information 


aeiaan 
ae ee ee ae 
BHO5CO06D 20 288.00 um | 283.50 um 
BHO5CO6T 175.00 um | 522.90 um 
BHO5C10D 14 266.60 um | 283.50 um 
BHO5C10T 175.00 um | 522.90 um 
BH10C08D 16 273.60 um | 283.50 um 
BH10C08T 175.00 pm | 522.90 um 
BH10C15D 42 258.20 um | 283.50 um 
BH10C15T 175.00 um | 522.90 um 
0 


BH20CO6T 175.00 um | 522.90 um 
BH20C10D 273.80 um | 283.50 um 
BH20C10T 175.00 um | 522.90 um 
BH20C20T 175.00 um | 522.90 um 
BH20C30T 175.00 um | 522.90 um 
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Bi-Directional Buffer BHidTod[D, T] 


BIH- Input Stage, BOT- Output Stage 


FUNCTIONAL DESCRIPTION: 
Non-Inverting, TTL-Level, Input Stage with Hysteresis, 
Non-Inverting, TTL-Level, 3-State, Output Stage 


CELL NAME DEFINITIONS: 
id = WCS input-stage delay inns @ 5 pF load 
od = WCS output-stage delay in ns @ 50 pF load 
[D,T] = available layout formats 


EXAMPLE: BHO5TO6D 


INPUTS: A, ST, STN, PADI 
OUTPUTS: Z, PADO 
MOTIS Gate Count: 6 


Truth Table MOTIS Model 


DD DD 
= D 14 
A PADO PADI Z 
a Ul B 
VSS ee 


[Celt Name | A ST STN PAD[D]* PAD[T]* 


BHO5T06 | 0.884 pF | 0.461 pF | 0.426 pF | 4.374 pF 


BHO5T10 | 0.307 pF | 0.166 pF | 0.143 pF | 3.775 pF 
BH10T08 | 0.488 pF | 0.267pF | 0.233 pF | 3.748 pF 
BH10T15 | 0.191 pF | 0.103 pF | 0.091 pF | 3.336 pF 
BH20T06 | 0.884 pF | 0.461 pF | 0.426 pF | 4.790 pF 
BH20T10 | 0.307 pF | 0.166pF | 0.143 pF | 4.191 pF 
BH20T20 | 0.193 pF | 0.104pF | 0.091 pF | 3.727 pF 


BH20T30 | 0.154 pF | 0.084 pF | 0.082 pF | 3.582 pF 


* Pad capacitance varies with layout format. 


5-24 /O Buffers 


Bi-Directional Buffer BHiaT od[D, T] 


Input-Stage Circuit Performance 


cot name Propagation Delay 2 


DC Power ' ge | Tog | sw 

| Extrinsic | Intrinsic | Extrinsic _| Intrinsic | 
6.65 i ie 
217 mW re 
134 mM ae 


BH20T20D 1.549 ns/pF | 2.240 ns | 1.329 ns/pF | 4.161 ns 
BH20T20T | 134™ | 4 Sag nsipF | 2.237 ns | 1.329 ns/pF >0.61 V/ms 
BH20T30D 1.549 ns/pF } 2.240 ns } 1.329 ns/pF | 4.161 ns 
BH20T30T | 134™™ | 4 Sag nsipF | 2.237 ns | 1.329 nsipF | 4.168 ns | 72-61 V/ms 
1) Fast process, Vop =55V,T=0°C. 
2) Nominal process, Vpn = 5.0 V, T = 25°C. 


Hysteresis 4 | V+ 5 
1.0V 260 mV 1.8V 


3) Fast N process, slow P process, Vp, 
4) Slow process, Vjj = 4.5 V, T= 0°C 
5) Slow N process, fast P process, Vjj =5.5V,T =0°C 


=45V,T=125°C 
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Bi-Directional Buffer BHidT od[D, T] 


Output-Stage Circuit Performance 


| _Extrinsic__| Intrinsic | __Extrinsic__| Intrinsic _| 
BHO5STO6T | 0.319 ns/10pF | 1.480 ns | 0.281 ns/10pF | 1.949 ns | 0.480 ns 
BHO5T10T | 0.751 ns/10pF | 1.812 ns | 0.615 ns/10pF } 2.413 ns | 0.744 ns 
BH10TO8T | 0.582 ns/10pF | 1.441 ns | 0.495 ns/10pF | 1.942 ns | 0.577 ns 
BH10T15T | 0.986 ns/10pF | 2.555 ns | 0.808 ns/10pF | 3.206 ns | 1.050 ns 
BH20TO6T } 0.319 ns/10pF | 1.492 ns | 0.281 ns/10pF | 1.959 ns | 0.480 ns 


q : i : 
Propagation Delay DC Current 2| 
ee 


BH20T10T | 0.751 ns/10pF | 1.839 ns | 0.615 ns/10pF | 2.436 ns | 0.744 ns 
BH20T20T | 2.016 ns/10pF | 2.057 ns | 1.716 ns/10pF | 2.310 ns | 0.610 ns 

2.866 ns/10pF | 1.691 ns | 2.399 ns/10pF | 2.732 ns | 0.739 ns 
BH20TSOT | 2.866 ns/10pF | 2.017 ns | 2.399 ns/10pF | 3.012 ns | 0.740 ns 

1) Nominal process, Vnjy =5.0 V, T= 25°C. 

2) Slow process, Vjp = 4.5 V, T = 125 °C. 


Layout Information 


ane [sn |S 

ae oe a oe 
303.20 um | 283.50 um 
BHOSTO6T 175.00 um | 522.90 wm 
cee] = [ensue 
BHO5T10T 175.00 um | 522.90 um 
BH10TO8T 175.00 um | 522.90 um 
BH10T15T 175.00 um | 522.90 um 
fem = [meeleen 
BH20T06T 175.00 um | 522.90 pm 


BH20T10D 289.00 um | 283.50 um 
BH20T20T 175.00 pm | 522.90 um 
BH20T30T 175.00 um | 522.90 um 


6 
0 
6 
6 
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Bi-Directional Buffer BHidXod[D, T] 


BIH- Input Stage, BOX- Output Stage 


FUNCTIONAL DESCRIPTION: 
Non-Inverting, TTL-Level, Input Stage with Hysteresis, 
Driver-Transistors-Only, (No Inherent Logic) Output Stage 


CELL NAME DEFINITIONS: 
id = WCS input-stage delay in ns @ 5 pF load 
od = WCS output-stage delay in ns @ 50 pF load 
[D,T] = available layout formats 


EXAMPLE: BHO5X06D 
INPUTS: N, P, PADI 


OUTPUTS: Z, PADO 
MOTIS Gate Count: 4 


Truth Table MOTIS Model 
Vpp Yop 
ma 0) 
PADO PADI Z 
N ll 
Vs Vss 


Circuit Capacitances 


P 
1.914 pF 
0.820 pF 
1.072 pF 


PAD[D]* PAD[T]* 
5.575 pF 
5.009 pF 


4.968 pF 


BHO5X06 
BH05X10 
BH10X08 


1.663 pF 
0.821 pF 
1.073 pF 


BH10X15 | 0.601 pF | 0.615 pF 4.524 pF 
BH20X06 | 1.663 pF | 1.914 pF 5.940 pF 
BH20X10 | 0.821 pF | 0.820 pF 5.370 pF 
BH20X20 | 0.282 pF | 0.302 pF 4.918 pF 


BH20X30 | 0.211 pF | 0.223 pF 4.848 pF 


* Pad capacitance varies with layout format. 
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Bi-Directional Buffer BHidXod][D, T] 


Input-Stage Circuit Performance 


Propagation Delay 2 | 
DC Power 1 


6.68 mW oe pike 
ia 
in 
aa 
si 
i 
ato =a 
134 mW | 1549 nebor | 2097 ne ene 


1) Fast process, Vpjp =5.5V, T=0 °C. 
2) Nominal Process, Vj, =5.0 V, T = 25°C. 


Cell Name 


BHO5X06D 
BHO5X06T 
BHO05X10D 
BHO5X10T 
BH10X08D 
BH10X08T 
BH10X15D 
BH10X15T 
BH20X06D 
BH20X06T 
BH20X10D 
BH20X10T 
BH20X20D 
BH20X20T 
BH20X30D 
BH20X30T 


Hysteresis 4 | V+ 5 
1.0V 260 mV 18V 


3) Fast N process, slow P process, Vp) 
4) Slow process, Vpn) =4.5V,T=0°C 
5) Slow N process, fast P process, Vj, =5.5 V, T =0°C 


=45V,T=125°C 
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Bi-Directional Buffer BHidXod[D, T] 


Output-Stage Circuit Performance 


1 
Propagation Delay 
TPLH 


| _Extrinsic | Intrinsic | Extrinsic__| Intrinsic | Sink/Source | 
BHO5X06T | 0.317 ns/10pF | 1.633 ns | 0.302 ns/10pF | 1.613 ns 
BHO5X10T | 0.748 ns/10pF | 0.923 ns | 0.611 ns/10pF | 1.147 ns 
BH10X08T | 0.581 ns/10pF | 1.048 ns | 0.499 ns/10pF | 1.230 ns 
BH10X15T | 0.984 ns/10pF | 0.769 ns | 0.799 ns/10pF | 0.994 ns 


BH20X06T | 0.317 ns/10pF | 1.645 ns | 0.302 ns/10pF | 1.624 ns 
BH20X10T | 0.748 ns/10pF | 0.950 ns | 0.611 ns/10pF {| 1.169 ns 
BH20X20T | 2.016 ns/10pF {| 1.035 ns | 1.710 ns/10pF | 1.108 ns 
BH20X30T | 2.866 ns/10pF | 1.304 ns | 2.338 ns/10pF | 1.558 ns 


1) Nominal process, Vjj) = 5.0 V, T= 25°C. 
2) Slow process, Vpjn = 4.5 V, T= 125 °C. 


Layout Information 


: Cell Dimensions 
eee eS ee es 


BHO5X06T 175.00 um | 522.90 um 
BHO5X10T 175.00 um | 522.90 um 
BH10X08T 175.00 um | 522.90 um 
Bee | «| eeeleee 
BH10X15T 175.00 um | 522.90 um 
fee | + | meeleee 
BH20X06T 175.00 um | 522.90 pm 
BH20X10D 270.20 um | 283.50 um 
BH20X10T 175.00 um | 522.90 um 


BH20X20T 175.00 um | 522.90 um 
BH20X30T 175.00 um | 522.90 um 
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Input Buffer BIHid[D, T] 


FUNCTIONAL DESCRIPTION: 
Non-Inverting, TTL-Level, Inout Buffer with Hysteresis 


CELL NAME DEFINITIONS: 
id = WCS delay in ns @ 5pF load 
[D,T] = available layout formats 


EXAMPLE: BIHO5D 


INPUTS: A 
OUTPUTS: Z 
MOTIS Gate Count: 3 Transistors: 6 
Truth Table MOTIS Model 

V 
Input || Output, rid 
pA | Zz D 

0 
2 ee 
A Z 
Il 
Vg 


Circuit Capacitances 


| Node 
A[Dy ATTY 


BIHO5 | 2.832 pF | 3.647 pF 
BIH10 | 2.835 pF | 3.650 pF 
BIH20 | 3.248 pF | 4.060 pF | 


* Pad capacitance varies with layout format. 
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Input Buffer BIHid[D, T] 


Circuit Performance 


Propagation Delay 2 


ext name | 9 poverty 
| Extrinsic | Intrinsic | Extrinsic__| Intrinsic _| 

oe 

ae 

1) Fast process, Vj) =5.5V, T=0 °C. 

2) Nominal process, Vj, = 5.0 V, T= 25°C. 


V+ § 
10V|  260mv_ | 18V 


3) Fast N process, slow P process, Vpn = 4.5 V, T= 125°C 
4) Slow process, Vj, =4.5V,T=0°C 
5) Slow N process, fast P process, Vjj) =5.5V,T =0°C 


Layout Dimensions 


[Cell Name | Cell Dimensions 

a ae ee ae 
BIHO5T 175.00 um | 522.90 um 
BIH10T 175.00 um | 522.90 um 
BIH20T 175.00 um | 522.90 um 


5 


5 
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Input Buffer BIMid[D, T] 


FUNCTIONAL DESCRIPTION: 
Inverting, CMOS-Level Input Buffer 


CELL NAME DEFINITIONS: 
id =WCS delay in ns @ 5pF load 
[D,T] = available layout formats 


EXAMPLE: BIM02D 


INPUTS: A 

OUTPUTS: Z 

MOTIS Gate Count: 1 Transistors: 2 
Truth Table MOTIS Model 


Circuit Capacitances 


| Node 
3.279 pF | 4.101 pF 
3.071 pF | 3.895 pF 
2.835 pF | 3.658 pF 
2.707 pF | 3.531 pF 


* Pad capacitance varies with layout format. 
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Input Buffer BIM/d[D, T] 


Circuit Performance 


DC Power 
| Extrinsic | Intrinsic | Extrinsic__| Intrinsic _| 
BIMO2T 0.132 ns/pF | 0.636 ns | 0.137 ns/pF | 0.663 ns 
BIMO3T 0.236 ns/pF | 0.659 ns | 0.255 ns/pF | 0.677 ns 
BIMO5T 0.409 ns/pF | 0.621 ns | 0.488 ns/pF | 0.679 ns 
BIM10T 0.964 ns/pF | 0.699 ns | 1.044 ns/pF | 0.745 ns 
1) Fast process, Vjj) =5.5V, T=0 °C. 


2) Nominal process, Voy =5.0 V, T= 25°C. 
NA) Not Applicable. 


3) Fast N process, slow P process, Vjjn = 4.5V, T=0°C 
4) Slow N process, fast P process, Vj, =5.5 V, T= 125 °C 


Layout Dimensions 


Cell Dimensions 


[Cott Name | —Cpt Simensions — 

200.15 pm | 283.50 
BIMO2T | 175.00 um | 522.90 
BIMO3T | 175.00 um | 522.90 um 
BIMO5T | 175.00 um | 522.90 
BIM10T | 175.00 um | 522.90 um 


55 


5 
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Input Buffer BIN/d[D, T] 


FUNCTIONAL DESCRIPTION: 
Non-Inverting, TTL-Level Input Buffer 


CELL NAME DEFINITIONS: 
id = WCS delay in ns @ 5pF load 
[D,T] = available layout formats 


EXAMPLE: BINO4D 


INPUTS: A 

OUTPUTS: Z 

MOTIS Gate Count: 2 Transistors: 4 
Truth Table MOTIS Model 


Il 
>of Se 


Circuit Capacitances 


| Node 
2.839 pF | 3.658 pF 
2.725 pF | 3.544 pF 
2.706 pF | 3.526 pF 
2.737 pF | 3.556 pF 
2.853 pF | 3.671 pF 
2.862 pF | 3.680 pF 


* Pad capacitance varies with layout format. 
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Input Buffer BINid/D, T] 


Circuit Performance 


Propagation Delay 2 
DC Power’ 

BINO4D 0.251 ns/pF | 0.801 ns | 0.168 ns/pF | 1.393 ns 

Binoat | &79™W | 9249 nsipF | 0.796 ns | 0.168 ns/pF | 1.385 ns | 729 Y/ms 
BINO6D 0.365 ns/pF | 0.788 ns | 0.319 ns/pF | 1.691 ns 

ed eee a Ee 
BIN10D 0.822 ns/pF | 0.912 ns | 0.676 ns/pF | 2.077 ns 

BinioT | '°3™™ | 9821 nsipF | 0.912 ns | 0.675 ns/pF | 2.078 ns 


BIN15D 1.312 ns/pF | 1.185 ns | 1.040 ns/pF | 2.972 ns 
Binist | %82™W | 4312 nsipF | 1.189 ns | 1.041 ns/pF | 2.976 ns | 72-63 ¥/ms 
BIN20D 1.813 ns/pF | 1.656 ns | 1.329 ns/pF | 4.401 ns 
pinzoT | °°S'™ | 4811 nsipF | 1.671 ns | 1.329ns/pF | 4.396 ns | 72-96 W/™ms 
BIN25D 2.215 ns/pF |] 1.992 ns | 1.657 ns/pF | 5.384 ns 
pinest | °97™W | 2213 nsipF | 2.013 ns | 1.659 ns/pF | 5.381 ns | _72-°9 W/ms 


1) Fast process, Vop =55V,T=0°C. 
2) Nominal process, Vj, =5.0 V, T= 25°C. 


1.1V {1.7V 
3) Fast N process, slow P process, Vjj) = 4.5 V, T= 125°C 
4) Slow N process, fast P process, Vpn) =5.5V,T =0 °C 


Layout Dimensions 


[Cell Name Cell Dimensions 
a ae en ae 


BINO4D 205.35 um | 283.50 
BINO6T 175.00 um | 522.90 
BIN10T 175.00 um | 522.90 
BIN15T 175.00 um | 522.90 
BIN20OT 175.00 um | 522.90 
BIN25D | 209.85 um | 283.50 
_ 
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Input Buffer BIPid[D, T] 


FUNCTIONAL DESCRIPTION: 
ESD Protection Only, No Active Logic 


CELL NAME DEFINITIONS: 
id = WCS delay in ns @ 5pF load 
[D,T] = available layout formats 


INPUTS: A 
OUTPUTS: Z 
MOTIS Gate Count: 0 Transistors: 0 
Truth Table MOTIS Model 
[ Output: —A/\/-2z 
| z | 
Poo 
1 


Circuit Capacitances 


* Pad capacitance varies with layout format. 


Circuit Performance 


Propagation Delay 2 
DC Power’ Input Slew 1 
BIPO02D 0.366 ns/pF | 0.249 ns | 0.369 ns/pF } 0.255 ns NA 
BIPO2T 0.366 ns/pF | 0.247 ns | 0.368 ns/pF | 0.253 ns 
1) Fast process, Vj) =5.5V, T=0 °C. 


2) Nominal process, Vj, =5.0 V, T = 25°C. 
NA) Not Applicable. 


Layout Dimensions 


BIPO2D | 192.95 um | 283.50 um 
BIPO2T | 175.00 um | 522.90 um 
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Cell Dimensions 


Input Buffer BISid[D, T] 


FUNCTIONAL DESCRIPTION: 
Inverting, CMOS-Level, Schmitt Trigger Input Buffer 


CELL NAME DEFINITIONS: 
id =WCS delay in ns @ 5pF load 
[D,T] = available layout formats 


EXAMPLE: BISO7D 


INPUTS: A 

OUTPUTS: Z 

MOTIS Gate Count: 5 Transistors: 12 
Truth Table MOTIS Model 

| Input || Output | 


VSS 


Circuit Capacitances 


Cell Name |_——_Node__ 
BISO7 3.740 pF 


* Pad capacitance varies with layout format. 
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Input Buffer BISid[D, T] 


Circuit Performance 


| | | Propagation Delay 2 | | 
DC Power’ 
BISO7D 0.12 UW 0.253 ns/pF | 3.147 ns | 0.272 ns/pF | 3.218 ns NA 
BISO7T ete 0.252 ns/pF | 3.137 ns | 0.270 ns/pF | 3.200 ns 
1) Fast process, Vj, =5.5V, T=0 °C. 


2) Nominal process, Vj, = 5.0 V, T = 25 °C. 
NA) Not Applicable. 


V+ § 
VDD - 0.5 V 


3) fast N process, slow P process, Vj) =4.5V,T=0°C 
4) Fast process, V,)=4.5 V, T=125°C 
5) Slow N process, fast P process, Vj) = 4.5 V, T=0°C 


Layout Dimensions 


Cell Name 


BISO7D | 238.85 um | 283.50 um 
BISO7T | 175.00 um | 522.90 um 


Cell Dimensions 
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Input Buffer BIT /d/[D, T] 


FUNCTIONAL DESCRIPTION: 
Inverting, TTL-Level, Schmitt Trigger Input Buffer 


CELL NAME DEFINITIONS: 
id =WCS delay in ns @ 5pF load 
[D,T] = available layout formats 


EXAMPLE: BITO6D 


INPUTS: A 

OUTPUTS: Z 

-MOTIS Gate Count: 5 Transistors: 12 
Truth Table MOTIS Model 


VDD 


Circuit Capacitances 


BIT06 3.070 pF | 3.876 pF 
BIT11 3.639 pF | 4.495 pF 


“ Pad capacitance varies with layout format. 


l/O Buffers 5-39 


Input Buffer 


Circuit Performance 


Propagation Delay 2 


6.176 ns 
6.172 NS 


BITid[D, T] 


1) Fast process, Vp, =5.5V, T=0°C. 
2) Nominal process, Vj, = 5.0 V, T = 25°C. 
NA) Not Applicable. 


|v. 3 | Hysteresis‘ | V+ 5 
09V]  300mv_ | 19V 


3) Fast N process, slow P process, Vj) = 4.5 V,T =0°C 
4) Fast process, Vj) = 4.5 V,T = 125°C 
5) Slow N process, fast P process, Vj) =5.5V,T=0°C 


Layout Dimensions 


[Celt Name Cell Dimensions 
ee ee 


BITO6D 243.25 um | 283.50 um 
BITO6T 175.00 um | 522.90 um 
um 


BiT11D 253.85 um | 283.50 
BIT11T 175.00 um | 522.90 


um 
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1/O Buffers 


Bi-Directional Buffer 


FUNCTIONAL DESCRIPTION: 
Inverting, MOS-Level, Input Stage, 
Non-Inverting, MOS-Level, 3-State, Output Stage 


CELL NAME DEFINITIONS: 
id = WCS input-stage delay in ns @ 5pF load 
od = WCS output-stage delay in ns @ 50pF load 
[D,T] = available layout formats 


EXAMPLE: BM02M05D 


INPUTS: A, ST, STN, PADI 
OUTPUTS: Z, PADO 
MOTIS Gate Count: 4 


Truth Table MOTIS Model 


Il 


Vss 


Circuit Capacitances 


Cell Name 


BM02M05 
BM03M05 
BM03M10 
BM05M05 
BM05M10 
BM05M15 
BM10M05 
BM10M10 
BM10M15 


A ST STN PAD[D]* PAD[T]* 


0.754 pF | 0.368 pF | 0.389 pF | 4.669 pF | 6.011 pF 
0.754 pF | 0.368 pF | 0.389 pF | 4.461 pF | 5.830 pF 
0.457 pF | 0.229 pF | 0.231 pF | 3.370 pF | 4.932 pF 
0.754 pF | 0.368 pF | 0.389 pF | 4.225 pF | 5.594 pF 
0.457 pF | 0.229 pF | 0.231 pF | 3.134 pF | 4.696 pF 
0.284 pF } 0.150 pF | 0.137 pF | 3.212 pF | 4.778 pF 
0.754 pF | 0.368 pF | 0.389 pF | 4.098 pF | 5.467 pF 
0.457 pF | 0.229 pF | 0.231 pF | 3.007 pF | 4.569 pF 
0.284 pF | 0.150 pF | 0.137 pF | 3.085 pF | 4.651 pF 


* Pad capacitance varies with layout format. 


/O Buffers 


BMidMoa[D, T] 


A PADO PADI >o- Z 
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Bi-Directional Buffer BMidMod[D,T] 


NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 


Input-Stage Circuit Performance 


BMO2MO05T alles 0.132 ns/pF | 0.636 ns | 0.137 ns/pF | 0.663 ns 

BMO3MO05T uses 0.236 ns/pF | 0.659 ns | 0.255 ns/pF | 0.677 ns 

BM03M10T 0.236 ns/pF | 0.659 ns | 0.255 ns/pF | 0.677 ns 
LL 


BM05M10D 0.09 uW 0.409 ns/pF | 0.626 ns | 0.489 ns/pF | 0.685 ns 
H 0.409 ns/pF | 0.621 ns | 0.488 ns/pF | 0.679 ns 


0.964 ns/pF | 0.699 ns | 1.044 ns/pF | 0.745 ns 
0.964 ns/pF | 0.699 ns | 1.044 ns/pF | 0.745 ns 
1) Fast process, Vjj) =5.5V, T=0°C. 

2) Nominal process, Vj) =5.0 V, T= 25°C. 

NA) Not Applicable. 


Vio 3 
19V | 29V 


3) Fast N process, slow P process, Voj = 4.5 V, T=0°C 
4) Slow N process, fast P process, Vjj) =5.5 V, T = 125 °C 
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Bi-Directional Buffer - BMidMod/D, 7] 


Output-Stage Circuit Performance 


1 
Propagation Delay DC Current 2 
caine airuise > Eames ty aaminais | Ste 


| Extrinsic | Intrinsic | ___Extrinsic__| Intrinsic 
BMO2MO5T | 0.266 ns/10pF | 1.503 ns | 0.226 ns/10pF | 1.889 ns | 0.686 ns 
BMO3MO5T | 0.266 ns/10pF | 1.498 ns | 0.226 ns/10pF | 1.885ns | 0.686 ns 
BMO3M10T | 0.959 ns/10pF {| 1.015 ns | 0.894ns/10pF | 1.433 ns | 0.551 ns 
BMO5MO5T | 0.266 ns/10pF | 1.492ns | 0.226 ns/10pF | 1.879 ns | 0.686 ns 


BMO5M10T | 0.959 ns/10pF | 0.993 ns | 0.894 ns/10pF | 1.412ns | 0.551 ns 

BMO5M15T | 1.456 ns/10pF | 2.166 ns | 1.446 ns/10pF | 1.592 ns | 0.507 ns 
‘| BM10OMO5T | 0.266 ns/10pF | 1.489 ns | 0.226 ns/10pF | 1.876ns | 0.686 ns 
BM10M10T | 0.959 ns/10pF | 0.981 ns | 0.894 ns/10pF | 1.400 ns | 0.551 ns 
BM10M15T | 1.456 ns/10pF | 2.012ns | 1.446 ns/10pF | 1.439 ns } 0.507 ns 


1) Nominal process, Vj, =5.0 V, T= 25°C. 
2) Slow process, Vjj) = 4.5 V, T= 125 °C. 


Layout Information 


earns [i 
BM02M05D 
BMO2M05T 


Cell Dimensions 


| 


298.90 um | 283.50 um 
175.00 um | 522.90 um 


BMO3M05T 175.00 um | 522.90 um 
BM03M10T 175.00 um | 522.90 um 
BMO5MO5T 175.00 um } 522.90 um 


14 
4 
BM05M10D a 255.40 um | 283.50 um 
BMO5M10T 175.00 um | 522.90 um 
BMO5M15D 249.40 pm | 283.50 um 
BMO5M15T 175.00 um | 522.90 um 
BM10M05D ; 295.60 um | 283.50 um 
BM10MO5T 175.00 um | 522.90 um 
14 
12 


BM10M10T 175.00 wm | 522.90 um 
BM10M15T 175.00 um | 522.90 um 
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Bi-Directional Buffer 


BIN- Input Stage, BOT- Output Stage 


BNiaTod[D,T] 


FUNCTIONAL DESCRIPTION: 


Non-Inverting, TTL-Level, Input Stage, 


Non-Inverting, TTL-Level, 3-State, Output Stage 


CELL NAME DEFINITIONS: 
id =WCS input-stage delay in ns @ 5pF load 
od = WCS output-stage delay in ns @ 50pF load 
[D,T] = available layout formats 


EXAMPLE: BNO6T08D 


INPUTS: A, ST, STN, PADI 


OUTPUTS: Z, PADO 
MOTIS Gate Count: 5 


Truth Table MOTIS Model 


Il 


SS 


[Ceo Name A ST STN PAD[D]* PAD[T]* 


BNO4T06 | 0.884 pF | 0.461 pF | 0.426 pF | 4.381 pF | 5.644 pF 
BNO4T10 | 0.307 pF | 0.166 pF | 0.143 pF | 3.782 pF | 5.073 pF 
BNO6T08 | 0.488 pF | 0.267 pF | 0.233 pF | 3.637 pF | 4.933 pF 
BNO6T15 | 0.191 pF | 0.103 pF | 0.091 pF | 3.225 pF | 4.476 pF 
BN10T06 | 0.884 pF | 0.461 pF | 0.426 pF | 4.249 pF | 5.507 pF 


BN10T10 | 0.307 pF | 0.166 pF | 0.143 pF | 3.650 pF | 4.937 pF 
BN10T20 | 0.193 pF | 0.104 pF | 0.091 pF | 3.186 pF | 4.503 pF 
BN15T08 | 0.488 pF | 0.267 pF | 0.233 pF | 3.649 pF | 4.934 pF 
BN15T15 | 0.191 pF | 0.103 pF | 0.091 pF | 3.237 pF | 4.479 pF 
BN15T30 | 0.154 pF | 0.084pF | 0.082 pF | 3.071 pF | 4.506 pF 


BN20T10 | 0.307 pF | 0.166 pF | 0.143 pF | 3.797 pF | 5.061 pF 
BN20T20 | 0.193 pF | 0.104pF | 0.091 pF | 3.333 pF | 4.625 pF 
BN20T40 | 0.160 pF | 0.086 pF | 0.086 pF | 3.088 pF | 4.507 pF 
BN25T15 | 0.191 pF | 0.103 pF | 0.091 pF | 3.362 pF | 4.584 pF 
BN25T30 | 0.154 pF | 0.084 pF | 0.082 pF | 3.196 pF | 4.596 pF 


BN25T80 | 0.164 pF | 0.088 pF | 0.088 pF | 2.997 pF | 4.405 pF 


* Pad capacitance varies with layout format. 
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/O Buffers 


Bi-Directional Buffer BNidT od[D, T] 


Input-Stage Circuit Performance 


Propagation Delay 2 
DC Power ' 


BNO4TO6D 0.251 ns/pF | 0.801 ns | 0.168 ns/pF | 1.393 ns 

BNoatoet | &72™W | 9 549 nsipF | 0.796 ns | 0.168 ns/pF | 1.385ns | 729 V/Ms 
BNO4T10D 0.251 ns/pF | 0.801 ns | 0.168 ns/pF | 1.393 ns 

ae ee eee 
BNO6TO8D 0.365 ns/pF | 0.788 ns | 0.319 ns/pF | 1.691 ns 

BNostost | 22° ™ | 0 364 ns/pF | 0.783 ns | 0.318 ns/pF 


BNO6T15D 0.365 ns/pF | 0.788 ns | 0.319 ns/pF | 1.691 ns 
BNosTist | 23°™V | o 364 ns/pF | 0.783 ns | 0.318 ns/pF pee 
BN10T06D 0.822 ns/pF | 0.912 ns | 0.676 ns/pF | 2.077 ns 
BNioToet | '°9™ | 9804 nsipF | 0.912 ns | 0.675 ns/pF | 2.078ns | 719 Y/™s 
BN10T10D 0.822 ns/pF | 0.912 ns | 0.676 ns/pF | 2.077 ns 
BniotioT | '°3™V | 9804 nsypF | 0.912 ns | 0.675 ns/pF | 2.078ns | 713 V/s 


037 mW rte be 


1) Fast process, Vj, =5.5V, T=0°C. 
2) Nominal process, Vp) = 5.0 V, T = 25 °C. 


Vui4 
1.1V)11.7V 


3) Fast N process, slow P process, Vjy) =4.5 V, T= 125°C 
4) Slow N process, fast P process, Vj, =5.5V,T=0°C 
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Bi-Directional Buffer BNidTod[D, T] 


Output-Stage Circuit Performance 


I 7 i : 
Propagation Delay 
TPHH meee] ote 


Intrinsic | Extrinsic | Intrinsic_ 
BNO4TO6T | 0.319 ns/10pF | 1.483 ns | 0.281 ns/10pF | 1.951 ns | 0.480 ns 
BNO4T10T | 0.751 ns/10pF | 1.817 ns | 0.615 ns/10pF | 2.418 ns | 0.744 ns 
BNO6TO8T | 0.582 ns/10pF | 1.439 ns | 0.495 ns/10pF | 1.941 ns | 0.577 ns 

Ses | sassy tins |s3ecuee (see [ices | oom 
BNO6T15T | 0.986 ns/10pF | 2.550 ns | 0.808 ns/10pF 1.050 ns 

| BNIOTO6T | 0.319 ns/10pF } 1.478 ns | 0.281 ns/10pF | 1.947 ns | 0.480 ns 
BN10T10T | 0.751 ns/10pF | 1.807 ns | 0.615 ns/10pF | 2.409 ns | 0.744 ns 
BN10T20T | 2.016 ns/10pF | 1.974 ns | 1.716 ns/10pF | 2.239 ns | 0.610 ns 
BN15T08T | 0.582 ns/10pF | 1.439 ns | 0.495 ns/10pF | 1.941 ns | 0.577 ns 
BN15T15T | 0.986 ns/10pF | 2.550 ns | 0.808 ns/10pF } 3.203 ns | 1.050 ns 


BN15T30T | 2.866 ns/10pF | 1.919 ns | 2.399 ns/10pF | 2.930 ns | 0.740 ns 
BN20T10T | 0.751 ns/10pF | 1.816 ns | 0.615 ns/10pF | 2.417 ns | 0.744 ns 
BN20T20T | 2.016 ns/10pF | 1.998 ns | 1.716 ns/10pF | 2.260 ns | 0.610 ns 
BN20T40T | 4.278 ns/10pF | 2.230 ns | 3.613 ns/10pF | 2.912 ns | 0.583 ns 
BN25T15T | 0.986 ns/10pF | 2.561 ns | 0.808 ns/10pF | 3.211 ns | 1.050 ns 
BN25T30T | 2.866 ns/10pF | 1.945 ns | 2.399 ns/10pF | 2.952 ns | 0.740 ns 
BN25T80T | 7.359 ns/10pF | 9.484 ns | 7.425 ns/10pF | 3.694 ns | 0.421 ns 

1) Nominal process, Vj, =5.0 V, T= 25°C. 

2) Slow process, Vjj) = 4.5 V, T= 125 °C. 
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Bi-Directional Buffer 


Layout Information 


[Celt Name | Transistors | Col Dimensions _ Dimensions 
ae ee a ae 

294.70 um | 283.50 um 
BNO4TO6T 175.00 um | 522.90 um 
BNO4T10T 175.00 um | 522.90 pm 
BNO6T08T 175.00 um | 522.90 um 
BNO6T15T 175.00 um | 522.90 um 
seee|  leee| eee 
BN10TO6T 175.00 um | 522.90 um 
BN10T10T 175.00 um | 522.90 um 
BN10T20T 175.00 um | 522.90 um 
BN15T08T 175.00 um | 522.90 um 
BN15T15T 175.00 um | 522.90 um 
BN15T30T 175.00 um | 522.90 um 
BN20T10T 175.00 um | 522.90 um 
BN20T20T 175.00 um | 522.90 um 
BN20T40T 175.00 um | 522.90 um 
BN25T15T 175.00 um | 522.90 um 
BN25T30T 175.00 um | 522.90 um 
BN25T80T 175.00 um | 522.90 um 


1/O Buffers 


BNiaTod[D, T] 
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Bi-Directional Buffer | BNidXod[D, T] 


BIN- input Stage, BOX- Output Stage 


FUNCTIONAL DESCRIPTION: 
Non-inverting, TTL-Level, Input Stage with Hysteresis, 
Driver Transistors Only, (No Inherent Logic) Output Stage 


CELL NAME DEFINITIONS: 
id =WCS input-stage delay in ns @ 5pF load 
od =WCS output-stage delay in ns @ 50pF load 
[D,T] = available layout formats 


EXAMPLE: BNO6X08D 


INPUTS: N, P, PADI 
OUTPUTS: Z, PADO 
MOTIS Gate Count: 3 


Truth Table MOTIS Model 


P— 
N— 


DD 


I 
PADO PADI —\>—|So- Z 


Vss 


Circuit Capacitances 


nee N P PADID}* _PAD[T]" 


BNO4x06 | 1.663 pF | 1.914 pF | 4.381 pF | 5.644 pF 
BNO4X10 | 0.821 pF | 0.820 pF | 3.791 pF | 5.082 pF 
BNO6X08 | 1.073 pF | 1.072 pF | 3.637 pF | 4.933 pF 
BNO6X15 | 0.601 pF | 0.615 pF | 3.225 pF | 4.476 pF 
BN10X06 | 1.662 pF | 1.914 pF | 4.249 pF | 5.508 pF 
BN10X10 | 0.821 pF | 0.820 pF | 3.659 pF | 4.945 pF 
BN10X20 | 0.282 pF | 0.302 pF | 3.186 pF | 4.503 pF 
BN15X08 | 1.073 pF | 1.072 pF | 3.649 pF | 4.934 pF 
BN15X15_ | 0.601 pF | 0.615 pF | 3.237 pF | 4.479 pF 
BN15X30 | 0.211 pF | 0.223 pF | 3.071 pF | 4.506 pF 
BN20X10 | 0.821 pF | 0.820 pF | 3.806 pF | 5.069 pF 
BN20X20 | 0.282 pF | 0.302 pF | 3.333 pF | 4.625 pF 
BN20X40 | 0.155 pF | 0.162 pF | 3.079 pF | 4.498 pF 
BN25X15_ | 0.601 pF | 0.615 pF | 3.362 pF | 4.584 pF 
BN25X30 | 0.211 pF | 0.223 pF | 3.196 pF | 4.596 pF 


BN25X80 | 0.098 pF | 0.100 pF | 2.988 pF | 4.396 pF 


“Pad capacitance varies with layout format. 
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Bi-Directional Buffer BNidXod|[D, T] 


input-Stage Circuit Performance 


Propagation Delay 2 
DC Power 1 


BN0O4X06D 0.251 ns/pF | 0.801 ns | 0.168 ns/pF | 1.393 ns 
pno4xoet | ©&/°™W | 0.249 nsipF | 0.796ns | 0.168 ns/pF | 1.385 ns | 7>° WMS 
BN0O4X10D 0.251 ns/pF | 0.801 ns | 0.168 ns/pF | 1.393 ns 
pno4xioT | &/2™W | 0.249 nsipF | 0.796ns | 0.168 ns/pF | 1.385 ns | **° W/MS 


Jenoswoer | 55" | OSee ner | o7eane | Ost@nebr | ress ne | 224 Yims 
fanzoxior | O59" | \Srr nope | terre | 1909 opr | azo ns | 7096 Wms 
ee ree 
itll Being Benes ad Fpt 


1) Fast process, Vop = 5.5V,T=0°C. 
2) Nominal process, Vjj = 5.0 V, T= 25°C. 


Vi08 
11.V] 1.7V 


3) Fast N process, slow P process, Vj) = 4.5 V, T=125°C 
4) Slow N process, fast P process, Vj, =5.5V, T=0°C 
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Bi-Directional Buffer BNidXod[D, T] 


Output-Stage Circuit Performance 
| Propagation Delay 1 
Cell Name 
| Extrinsic | Intrinsic | __ Extrinsic Sink/Source 


BNO4X06T | 0.317 ns/10pF | 1.636 ns | 0.302 ns/10pF 1.615 ns ; 
BNO4X10T | 0.748 ns/10pF | 0.928 ns | 0.611 ns/10pF 1.151 ns 
BNO6X08T | 0.581 ns/10pF {| 1.046 ns | 0.499 ns/10pF 1.228 ns 
BNO6X15T | 0.984 ns/10pF | 0.765 ns | 0.799 ns/10pF 0.991 ns 


DC Current 2 | 


BN10X06T | 0.317 ns/10pF | 1.631 ns | 0.302 ns/10pF 1.611 ns 
BN10X10T | 0.748 ns/10pF | 0.918 ns | 0.611 ns/10pF 1.143 ns 
BN10X20T | 2.016 ns/10pF | 0.951 ns | 1.710 ns/10pF 1.037 ns 
BN15X08T | 0.581 ns/10pF | 1.046 ns | 0.499 ns/10pF 1.228 ns 


BN15X15T | 0.984 ns/10pF | 0.765 ns | 0.799 ns/10pF 0.991 ns 
BN15X30T | 2.866 ns/10pF | 1.206 ns | 2.338 ns/10pF 1.478 ns 
BN20X10T | 0.748 ns/10pF | 0.927 ns | 0.611 ns/10pF 1.151 ns 
BN20X20T | 2.016 ns/10pF | 0.976 ns | 1.710 ns/10pF 1.058 ns 
BN20X40T | 4.285 ns/10pF | 1.660 ns | 3.173 ns/10pF 3.702 ns 
BN25X15T | 0.984 ns/10pF | 0.775 ns | 0.799 ns/10pF 0.999 ns 
BN25X30T | 2.866 ns/10pF | 1.232 ns | 2.338 ns/10pF 1.499 ns 
BN25X80D 1.968 ns | 3.723 ns/10pF | 20.022 ns 
BN25X80T | 8.582 ns/10pF | 2.980 ns | 3.694 ns/10pF | 20.863 ns 


1) Nominal process, Vjp) =5.0 V, T= 25°C. 
2) Slow process, Vj) = 4.5 V, T= 125 °C. 
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Bi-Directional Buffer 


Layout Information 


Transistors 


Cell Dimensions 


| 


BN04X06D 
BN0O4X06T 


275.90 um | 283.50 um 
175.00 um ; 522.90 um 
BN04X10D 


BNO4X10T 175.00 um | 522.90 um 
BNO6X08D 260.50 pm 
BNO6X08T 175.00 um | 522.90 um 
BNO6X15D pk 245.10 um 
BNO6X15T 175.00 um | 522.90 um 

276.40 um | 283.50 um 


BN10X06D 
BN10X06T 


BN10X10D 
BN10X10T 


255.00 um | 283.50 um 
175.00 um | 522.90 um 
BN10X20D 8 239.60 um 
BN10X20T 175.00 um | 522.90 um 
BN15X08D Le | 262.00 um 
BN15X08T 175.00 um | 522.90 um 
BN15X15D 246.60 um | 283.50 um 
BN15X30D pe 240.60 um 
175.00 um } 522.90 um 
258.00 um | 283.50 pm 


BN15X30T 
BN20X10D 
BN20X10T 


BN20X20D 
BN20X20T 


242.60 um | 283.50 um 
175.00 um | 522.90 um 
BN20X40D 242.60 um 
BN20X40T 175.00 um | 522.90 um 
BN25X15D Le | 249.60 um 
BN25X15T 175.00 um | 522.90 um 


10 
12 
16 
10 
12 
10 


BN25X30D 243.60 um | 283.50 um 
BN25X30T 175.00 um | 522.90 um 
243.60 um | 283.50 um 
175.00 um | 522.90 um 


BN25X80D 
BN25X80T 


1/O Buffers 


BNidXod]D,T7] 
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Output Buffer BOCod/D,T] 


FUNCTIONAL DESCRIPTION: 
Non-Inverting, TTL-Level, Open-Collector, Output Buffer 


CELL NAME DEFINITIONS: 
od = WCS delay in ns @ 50pF load 
[D,T] = available layout formats 


EXAMPLE: BOCO6D 


INPUTS: A 
OUTPUTS: Z 
MOTIS Gate Count: 2 
Truth Table MOTIS Model 
Z 
A > 
Il 


Circuit Capacitances 


| NOde 
A zip ZIT" 


0.409 pF 
0.170 pF 
0.119 pF 


0.077 pF 
0.078 pF 
0.067 pF 
0.068 pF 
0.070 pF 


3.990 pF 
3.362 pF 
3.394 pF 
2.950 pF 
2.931 pF 
2.786 pF 
2.686 pF 
2.586 pF 


4.842 pF 
4.232 pF 
4.280 pF 
3.864 pF 
3.864 pF 
3.719 pF 
3.619 pF 
3.520 pF 


* Pad capacitance varies with layout format. 


Output Buffer BOCod[D,T] 


Circuit Performance 


Propagation Delay 1 


Cell Name —Prepeneon Dele | 0c Curent? 
BOCO06D 0.272 ns/10pF | 0.945 ns 24.0 mA 
BOCO6T 0.272 ns/10pF | 0.990 ns : 
BOC08D 0.487 ns/10pF | 1.126 ns 12.0 mA 
BOCO8T 0.488 ns/10pF | 1.176 ns 


BOC10T 0.608 ns/10pF | 1.398 ns ; 
BOC15T 0.799 ns/10pF | 1.913 ns 

BOC20T 1.711 ns/10pF | 1.354 ns ; 
BOC30T 2.392 ns/10pF | 1.818 ns 
BOC40T 3.615 ns/10pF |. 1.844 ns ; 
BOC80T 7.411 ns/10pF | 2.463 ns ; 


1) Nominal process, Vj) = 5.0 V, T= 25°C. 
2) Slow process, Vpn = 4.5 V, T = 125 °C. 


Layout Information 


BOCO6D 14 
BOCO6T 


Cell Dimensions 


| 


245.35 um | 283.50 um 
175.00 um | 522.90 um 


BOCO08T 175.00 pm | 522.90 um 
223.95 um | 283.50 um 
BOC10T 175.00 um | 522.90 um 
BOC15T 175.00 um | 522.90 um 


BOC20T 175.00 um | 522.90 um 
208.55 um | 283.50 um 
BOC30T 175.00 um | 522.90 um 
BOC40T 175.00 um | 522.90 um 
BOC80T 175.00 um | 522.90 um 


4 
4 
4 
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Output Buffer BOMod[D, T] 


FUNCTIONAL DESCRIPTION: 
Non-Inverting, MOS-Level, 3-State, Output Buffer 


CELL NAME DEFINITIONS: 
od = WCS delay in ns @ 50pF load 
[D,T] = available layout formats 


EXAMPLE: BOM05D 


INPUTS: A, ST, STN 
OUTPUTS: Z 
MOTIS Gate Count: 3 


Truth Table MOTIS Model 
Vpp 
ST 12 
A Z 
STN 7 
Vs 


Circuit Capacitances 


2[D]" 2(T]" 


BOM05 | 0.754 pF | 0.368 pF | 0.389 pF | 3.837 pF | 4.897 pF 
BOM10 | 0.457 pF | 0.229 pF | 0.231 pF | 2.749 pF | 3.620 pF 
BOM15 | 0.284 pF | 0.150 pF | 0.137 pF | 2.828 pF | 3.720 pF 


* Pad capacitance varies with layout format. 
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Output Buffer BOMod[D, T] 


Circuit Performance 


1 
Propagation Delay 
etnies aac} eae meme! te | 


| Intrinsic | __Extrinsic__|_ Intrinsic _ 
BOMO5T 0.266 ns/10pF | 1.474 ns | 0.226 ns/10pF | 1.864 ns | 0.686 ns 
BOM10T 0.959 ns/10pF | 0.890 ns | 0.894 ns/10pF | 1.316 ns | 0.551 ns 

1.459 ns/10pF | 1.727ns | 1.446 ns/10pF | 1.168 ns | 0.507 ns 
BOM15T 1.456 ns/10pF | 1.877 ns | 1.446 ns/10pF | 1.305 ns | 0.507 ns 


1) Nominal process, Vj, = 5.0 V, T = 25°C. 
2) Slow process, V_, = 4.5 V, T = 125 °C. 


Layout Information 
Cell Dimensions 
Y 


Transistors 

(Ce name | Transistors | — Sit Superson — 

ie ae 269.95 um | 283.50 um 
BOMO5T 175.00 um | 522.90 um 
BOM10T 175.00 um | 522.90 um 
BOM15T 175.00 um | 522.90 um 
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Output Buffer BONod[D,T] 


FUNCTIONAL DESCRIPTION: 
Non-Inverting, TTL-Level, Output Buffer 


CELL NAME DEFINITIONS: 
od = WCS delay in ns @ 50pF load 
[D,T] = available layout formats 


EXAMPLE: BONO6D 


INPUTS: A 
OUTPUTS: Z 
MOTIS Gate Count: 2 


Truth Table MOTIS Model 


input [Output u 
se Ca ‘ >of >o— / 
cine 

1 | 


Circuit Capacitances 


Z[D}* 2[T]" 


0.070 pF | 2.586 pF | 3.519 pF 


* Pad capacitance varies with layout format. 
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Output Buffer BONod/D, T] 


Circuit Performance 


1 
Propagation Delay DC Current? 
TPHH Tp 
[Extrinsic [intrinsic | Extrinsic [intrinsic | Sink/Source 


BONO6T 0.316 ns/10pF | 1.732 ns | 0.275 ns/10pF | 1.403 ns 
BONO8T 0.581 ns/10pF | 1.670 ns | 0.493 ns/10pF | 1.995 ns 
BON10T 0.750 ns/10pF | 1.869 ns | 0.612 ns/10pF } 2.499 ns 
BON15T 0.983 ns/10pF | 2.897 ns | 0.806 ns/10pF | 3.692 ns 
BON20T 2.016 ns/10pF | 1.909 ns | 1.716 ns/10pF | 1.209 ns 
BONSOT 2.866 ns/10pF } 1.762 ns | 2.398 ns/10pF | 2.963 ns 
BON40T 4.285 ns/10pF | 1.859 ns | 3.613 ns/10pF | 2.635 ns 
8.303 ns/10pF | 3.365 ns | 7.425 ns/10pF | 2.361 ns 
BON80T | 8.303 ns/10pF | 4.011 ns | 7.425 ns/10pF | 2.904 ns 


1) Nominal process, Vjj = 5.0 V, T = 25°C. 
2) Slow process, Vpj = 4.5 V, T= 125 °C. 


Layout Information 


(Cau name | Transistors | — Sri Oupnsions — 
px TY 

245.35 um | 283.50 pm 
BONO6T 175.00 um | 522.90 pm 
| * leenleem 
BONO8T 175.00 um | 522.90 um 
‘eee | + [abe eee 
BON10T 175.00 um | 522.90 um 
ee | + [abel eee 
BON15T 175.00 um | 522.90 um 


BON20T 175.00 um |} 522.90 um 
BONSOT 175.00 um | 522.90 um]. 
BON40T 175.00 um | 522.90 um 
BON80T 175.00 um | 522.90 um 
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Output Buffer BOTod[D, T] 


FUNCTIONAL DESCRIPTION: 
Non-Inverting, TTL-Level, 3-State, Output Buffer 


CELL NAME DEFINITIONS: 
od = WCS delay in ns @ 50pF load 
[D,T] = available layout formats 


EXAMPLE: BOTO6D 


INPUTS: A, ST, STN 
OUTPUTS: Z 
MOTIS Gate Count: 3 


Truth Table MOTIS Model 
Vpp 
ST 12 
A Z 
STN 7 
Vss 


Circuit Capacitances 


0.884 pF 
0.488 pF 


| 0.307 pF 


0.191 pF 
0.193 pF 
0.154 pF 
0.160 pF 
0.164 pF 


0.461 pF 
0.267 pF 
0.166 pF 
0.103 pF 
0.104 pF 
0.084 pF 
0.086 pF 
0.088 pF 


STN 
0.426 pF 
0.233 pF 
0.143 pF 
0.091 pF 
0.091 pF 
0.082 pF 
0.086 pF 
0.088 pF 


* Pad capacitance varies with layout format. 
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2[D}* 
3.990 pF 
3.362 pF 
3.393 pF 
2.950 pF 
2.931 pF 
2.786 pF 
2.686 pF 
2.586 pF 


2[T}" 
4.953 pF 
4.221 pF 
4.239 pF 
3.823 pF 
3.823 pF 
3.678 pF 
3.578 pF 
3.478 pF 


I/O Buffers 


Output Buffer BOTod/D,T] 


Circuit Performance 


Propagation Delay 1 DC Current 2 
TPHH TPLL 
| Intrinsic | Extrinsic | Intrinsic Sink/Source 


BOTO6T 0.319 ns/10pF | 1.461 ns | 0.281 ns/10pF | 1.932 ns | 0.480 ns 
BOTO8T 0.582 ns/10pF | 1.398 ns | 0.495 ns/10pF | 1.906 ns | 0.577 ns 
BOT10T 0.751 ns/10pF | 1.755 ns | 0.615 ns/10pF | 2.367 ns | 0.744 ns 
BOT15T 0.986 ns/10pF | 2.486 ns | 0.808 ns/10pF | 3.150 ns | 1.050 ns 
BOT20T 2.016 ns/10pF | 1.837 ns | 1.716 ns/10pF | 2.123 ns | 0.610 ns 
BOT30T 2.866 ns/10pF | 1.682 ns | 2.399 ns/10pF | 2.732 ns | 0.740 ns 
BOT40T 4.278 ns/10pF | 1.833 ns | 3.613 ns/10pF | 2.577 ns | 0.583 ns 
BOT80T 7.359 ns/10pF | 8.802 ns | 7.425 ns/10pF | 3.006 ns | 0.421 ns 
1) Nominal process, Vjj) = 5.0 V, T= 25°C. 

2) Slow process, Vjp) = 4.5 V, T = 125 °C. 


Layout Information 


Transistors 


2 


Cell Dimensions 
Cell Name 


BOTO6D 
BOTO6T 
BOT08D 
BOTO8T 


| 


260.55 ym | 283.50 um 
175.00 um | 522.90 um 


175.00 um | 522.90 um 
BOT10T 175.00 um | 522.90 um 
BOT15T 175.00 pm | 522.90 um 
BOT20T 175.00 um | 522.90 um 
BOT30T 175.00 um | 522.90 wm 
175.00 um | 522.90 um 
175.00 um | 522.90 um 


BOT40D 
BOT40T 
BOT80D 
BOT80T 
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Output Buffer BOXod!D, T] 


FUNCTIONAL DESCRIPTION: 
Driver Transistors Only (No Inherent Logic) Output Buffer 


CELL NAME DEFINITIONS: 
od = WCS delay in ns @ 50pF load 
[D,T] = available layout formats 


EXAMPLE: BOX06D 


INPUTS: N,P 
OUTPUTS: Z 
MOTIS Gate Count: 1 
Truth Table MOTIS Model 
Vpp 
> 
Z 
x 
Vss 


Circuit Capacitances 


po Ne 
Z[D]* 2(T]* 


* Pad capacitance varies with layout format. 
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Output Buffer BOXod[D, T] 


Circuit Performance 


Propagation Delay 1 
D r 2 
Cell Name sexmeibili 
[Extrinsic | Intrinsic | Extrinsic | Intrinsic | Sink/Source 


BOXO6T 0.317 ns/10pF | 1.610 ns | 0.302 ns/10pF 1.591 ns 
BOX08T 0.581 ns/10pF | 1.006 ns | 0.499 ns/10pF 1.194 ns 
BOX10T 0.748 ns/10pF | 0.870 ns | 0.611 ns/10pF 1.104 ns 


BOX15T 0.984 ns/10pF | 0.706 ns | 0.799 ns/10pF 0.943 ns 
BOX20T 2.016 ns/10pF | 0.825 ns | 1.710 ns/10pF 0.930 ns 
BOX30T 2.866 ns/10pF | 0.984 ns | 2.338 ns/10pF 1.297 ns 
BOX40T 4.285 ns/10pF | 1.284 ns | 3.173 ns/10pF 3.424 ns 

1.617 ns | 3.723 ns/10pF | 19.87 ns 
BOX80T 8.582 ns/10pF | 2.230 ns | 3.694 ns/10pF | 20.54 ns 

1) Nominal process, Vp) =5.0 V, T= 25°C. 

2) Slow process, Vnj = 4.5 V, T= 125 °C. 


Layout Information 


aren [as 
BOX06D 42 241.75 um | 283.50 um 
BOX06T 175.00 um | 522.90 um 


BOX08D 226.35 um | 283.50 um 
BOX08T 175.00 pm | 522.90 um 


Cell Dimensions 


BOX10D 220.35 um | 283.50 um 
BOX10T 175.00 um | 522.90 um 
BOX15T 175.00 um | 522.90 um 
BOX20D 204.95 um | 283.50 um 
BOX30T 175.00 um | 522.90 um 


BOX40T 175.00 um | 522.90 um 
BOX80T 175.00 um | 522.90 um 


/O Buffers 
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Logic Cells 


Section 6 


Contents - Section 6 


Page 
Introduction Introduction of Logic Cells 6-1 
Naming Convention Naming Convention of Logic Cells 6-2 
Gate Delays Gate Delay Calculation of Logic Cells 6-4 
ANDn AND Gates 6-10 
AOlabcd AND-OR-INVERTERS 6-11 
BIST1 Built in Self Test Logic Cell 6-15 
FA Full Adder 6-16 
INRBn Inverters 6-17 
NDn NAND Gates 6-18 
NRn NOR Gates 6-19 
OAlabcd OR-AND-INVERTERS 6-20 
ORn OR Gates 6-24 
SDabc Select Data Cells 6-25 
TBDI 3-state Inverting Bus Drivers 6-29 
TBUS 3-state Bus Drivers 6-30 
TBUSI 3-state Inverting Bus Drivers 6-31 
TGn Transmission Gates 6-32 
XNOR Exclusive NOR Gate 6-33 
XOR Exclusive OR Gate 6-34 


Introduction Logic Cell Information 


This section contains data sheets that provide details about the logic cells in the 0.9 um CMOS 
Catalog. What follows here is some background information about the logic cell family that should 
help in guiding you through the wide selection of cells available. 
Some of the salient features of the logic cell family are noted as follows: 

« There are 197 cells described in this section, broken down by function as follows: 


Cell Type # of Cells Page Number 
ANDn gates 9 6-10 
And-Or-Invert gates (AOlabcd) 70 6-11 to 6-14 
Built in Self Test Logic (BIST1) 1 6-15 
Full Adder (FA) 1 6-16 
Inverters (INRBn) 5 6-17 
Nand gates (NDn) 9 6-18 
Nor gates (NRn) 9 6-19 
Or-And-invert gates (OAlabcd) 67 6-20 to 6-23 
ORn gates 9 6-24 
Select Data (SDabc) 4 6-25 to 6-28 
3-state bus drivers (TBDI ) 2 6-29 
3-state bus drivers (TBUS/ ) 4 6-30 to 6-31 
Transmission gates (TGn) 3 6-32 
XNOR and XOR gates 4 6-33 to 6-34 


A complete description of the cell-naming convention is provided on the following pages. 


* Acomplete set of And-Or-Invert and Or-And-Invert gates are available. The library has 
been designed with a complete set of cells to get the maximum efficiency out of logic 
synthesis tools (see, for example, the description of the FDS functions available in Section 
10.) If you are capturing your schematic manually, having a complete set of cells available 
also means that you will not need to have any cells with unused inputs (that would 
otherwise require connection to one of the power supplies.) This saves silicon area and 
improves circuit performance. 
Both area-optimized and performance-optimized versions of each cell are available. Thus, if 
your performance requirements do not tax the limits of the technology, you will be able to 
save area by using the area-optimized library. (See, for example, guidelines to the 
calculation of chip area in Section 2.) 
« Many of the simpler cells are provided with a number of drive capabilities. For example, in 
this section you will find a ND2, ND2H, and ND2S. These names refer to 2-input Nand 
gates with 1X, 2X and 4X drive capability, respectively. 
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Naming Conventions Logic Cell Information 


ANDn The AND cell provides the logical AND of two or more inputs as specified by the 
parameter n. | 


Example: AND3 would be a cell whose output is the logical AND of all three of its 
inputs. 

AOlabcd These cells provide the inverted OR of two to four AND groups. The parameters 4, b, 
c, and d specify how many inputs make up each AND group. These parameters are 
always specified in descending order and parameters c and d are omitted when their 
values are zero. 


Example: AOl422 would be a cell whose output is the inversion of (A1 and A2 and 
A3 and A4) or (B1 and B2) or (C1 and C2). 


BIST1 This cell provides the logic function required for Built in Self Test applications. This 
function is already present in the BIST flip-flops FB1S2AX AND FB1S3AX. The 
BIST1 cell can be used in conjunction with any other flip-flop to create additional BIST 
compatible flip-flops. 

FA This cell is a two-bit adder with carry in and carry out in addition to the sum output. 
FA cells can be combined to make arbitrary length adders. 


INRBn The INRB cells provide the logical inversion of the input signal. This cell can also be 
used as an inverting buffer, and for this purpose many high-power varieties exist. The 
parameter n will define the power of the cell in multiples of a standard INRB. It is 
worthwhile to note that the suffix H implies twice the standard INRB while the S 
suffix implies a four-fold ratio. 


Example: INRB12 would be an inverter that is twelve times the power of a standard 
INRB. 


NDn The ND cell provides the inversion of the logical AND of two or more inputs as 
specified by the parameter n. 


Example: ND3 would be a Cell whose output is the logical NAND of all three of its 
inputs. 

NRn The NR cell provides the inversion of the logical OR of two or more inputs as 
specified by the parameter n. 


Example: NR3 would be a cell whose output is the logical NOR of all three of its 
inputs. 

OAlabcd These cells provide the inverted AND of two to four OR groups. The parameters a, b, 
c, and d specify how many inputs make up each OR group. These parameters are 
always specified in descending order, and parameters c and d are omitted when their 
values are zero. 


Example: OAIl422 would be a cell whose output is the inversion of (A1 or A2 or A3 or 
A4) and (B1 or B2) and (C1 or C2). 


ONE The ONE cell is a direct connection to the VDD power supply. The output signal can 
be used as a logical ONE in other areas of the circuit. 

ORn The OR cell provides the logical OR of two or more inputs as specified by the 
parameter n. 


Example: OR3 would be a cell whose output is the logical OR of all three of its inputs. 


6-2 Logic Cells 


Naming Conventions Logic Cell Information 


SDabe The SD (Select Data) cells have been generated to standardize cells which simply 
select one of a number of inputs to the output. The inputs themselves may be groups 
of bits rather than single bits, and in this case, the output would be the selected 
group of bits. It is also advantageous to allow some of these groups to be inverted 
when they are selected. The type of cell supplied in the library assigns each group of 
bits an address, and these inputs are then chosen by applying the address value to 
the select lines. The naming convention for Select Data cells is as follows: 

SDabc a= Number of addresses 
b= Number of bits per address 
c= Value indicating which addresses are inverted 


Values greater than 9 are not permitted for a and b. 
The value of c is calculated by forming a binary number with each bit representing the 
polarity of an address. The lowest-order bit represents the zero address, and a bit 
value of 1 indicates an inverted address. The choice of 1 to indicate an inversion has 
the benefit of a zero value for c for all non-inverting selectors. 
Example: SD212 is the name of a cell which selects one of two data addresses which are one 
bit wide with address one inverted. 
=2 There aretwo addresses - 0 and 1. 
$D212 b=1 There is one bit per address. 
c=2 The decimal value of 10 ( address 1 inverted). 


TBDI The TBDI cells are 3-state inverters. These cells are meant for use in internal bus 
Structures. 

TBUS/ The TBUS cells are 3-state buffers. The presence of the parameter / indicates that the 
Cell is an inverting buffer. These cells are meant for use in internal bus structures. 

TGn The TG cells contain one or more transmission gates whose outputs are connected to 
form a common bus output. The parameter n defines the exact number of 
transmission gates present in the cell. Transmission gates that are used consist of 
both an N- and a P-type transistor. 
Example: TG2 contains two transmission gates whose outputs form a common bus. 

XNOR The XNOR Cell performs the logical EXCLUSIVE NOR function. Additionally, since 
this function requires two gates to generate an XNOR function, the NAND of the 
two inputs is also provided as an output. 

XOR The XOR cell performs the logical EXCLUSIVE OR function. Additionally, since this 
function requires two gates to generate an XOR function, the NOR of the two inputs 
is also provided as an output. 

ZERO The ZERO cell is a direct connection to the VSS power supply. The output signal can 
be used as a logical ZERO in other areas of the circuit. 


Cell Drive Capability 


The 0.9 um CMOS Library contains variations of the same function that differ only in drive 
capability. These higher-power versions are commonly denoted by a suffix of H or S. The high-power 
or H version has double the drive of the normal version where S indicates a factor of four. All of the 
conventions described allow for the possibility of a higher-power version. 
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Gate Delays | Logic Cell Information 


If you turn to page 6-17, which is the data sheet for the INRB family, you will find this table of 
capacitances: 


Capacitances - INRBn 


INRB INRBH INRBS INRB8 INRB12 


Area | 0.027pF 0.054pF 0.109pF 0.220pF 0.330pF 
Perf. 0.102pF 0.205pF 0.410pF 0.821pF 1.232pF 


These are the input capacitances for the INRB family from both the area-optimized and performance- 
optimized libraries. The capacitances have been tabulated in terms of picofarads and since there are 
two libraries of cells (area-optimized and performance-optimized), a different input capacitance is 
supplied for each. 

The capacitive load, 0.027 pF, is the input capacitance of an area-optimized version of the INRB (a 
1X inverter gate.) This capacitance is comprised of a 1X P-transistor, a 1X N-transistor and some 
internal cell routing. Similarly, the capacitive load, which equals 0.102 pF, is the input capacitance of a 
performance-optimized version of the INRB. 

Knowing these two values, it becomes easy to compare the input capacitances of different gates to 
one another. For example, if we look at the capacitance table for the AOlabcd family, we see: 


Capacitances - AOlabcd 


Normal Power High Power Super Power 


Area 0.027pF 0.056pF 0.116pF 
Pert. 0.102pF 0.206pF 0.416pF 


It is now easy to see the input capacitance for all high-power AOlabcd gates is approximately twice 
that of an INRB. The numbers do not, in this case, work out to exact integer ratios because of 
internal cell routing. Similarly, the input capacitances for super-power gates is approximately four 
times that of a standard INRB 


When calculating delays, remember to include estimated routing capacitance. A value of 0.10 pF per 
fan-out is the autoroute factor suggested for simulation. 

An example of a delay calculation using these input capacitances is provided in the section that 
follows. 

lf we turn to the SD210 as an example, it can be seen that the following delay information has been 
tabulated on page 6-25: 


Delay Information 


Propagation Delay 
| Crea ———Ci*dLCSCSC*#Performance 


VbD =5V, T=25°C, Nominal Process. 


6-4 Logic Cells 


Gate Delays Logic Cell Information 


A similar set of delay information is provided for all 197 logic cells in this section. These tables 
contain linear equations used to approximate the cell delay characteristics. 


The INRB unity-gain point was used to define where the delays were measured as illustrated in the 
diagram below. The unity-gain voltage is defined as the point on the INRB DC transfer curve where 
the output voltage is equal to the applied input voltage. The area-optimized and performance- 
optimized libraries were characterized by using the INRB cell from the respective library. 


Input 
Unity gain voltage Unity gain voltage 
Measured Measured 
Delay Delay 
Output 


Unity gain voltage 
Unity gain voltage yg g 


The terms and symbols used in the Delay Information tables are defined as follows: 

The first two columns indicate the input and output signal names and also indicate rising or falling 
transitions. The propagation delay values in the first entry of the SD210 Delay Information table, 
DO to ZJ, specify the path delay from the DO input falling to the Z output falling. 

An intrinsic and extrinsic delay value is provided in the Delay Information Table. These two values are 
terms for a linear equation used to approximate the cell delay characteristics. In graphical terms, they 
have the following meaning: 


Slope = Extrinsic Delay 
DELAY 


Intercept = intrinsic Delay 


LOAD 
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Gate Delays Logic Cell Information 


Thus, the delay characteristics for the path DO J to Z J of an area-optimized SD210 can be written 
as the sum of the intrinsic delay and the extrinsic delay, as follows: 


Delay = 0.97 ns + (2.05 ns/pF) times total load in picofarads 


In physical terms, the intrinsic delay represents the zero-load delay of the cell. The extrinsic delay is 
related to the cell’s output impedance and is a measure of how the delay will vary with increasing 
load. Because all of the cells in the library have purely capacitive inputs, dc loading on the outputs is 
not a concern (some notable exceptions, of course, are output buffers which may interface with 
TTL). Thus, given enough time, a CMOS logic gate will always reach a valid logic level regardless of 
the number of gates being driven. However, that time will increase as the load on the output 
increases. 


The delay information was obtained by simulating each cell with AT&T’s MOTIS3 Timing simulator 
under worst-case slow conditions (4.5 V, 100 °C, and slow process conditions). Subsequently, each 
delay value was derated by a factor of 0.578, which was obtained from the derating tables presented 
in Section 2, to convert the numbers to Nominal conditions (5.0 V, 25 °C, and nominal process 
conditions). This allows nominal delays to be used in the catalog while providing the most accurate 
predictions for worst-case behavior. 


The required derating factor was calculated as follows: 
Nominal delay*1.26 (slow process conditions) * 1.39 (4.5V and 100 °C) = worst-case slow delay 


Therefore, 


Nominal delay = 0.571 worst-case slow delay 


Power Supply and Temperature Derating 


POWER SUPPLY VOLTAGE (VpbD) 
4.50V 4.75V  5.00V  5.25V  5.50V 


Process Derating 
Conditions Factor 


Slow 


Nominal 


Fast 


T 
E 
M 
p 
E 
R 
A 
T 
U 
R 
E 


6-6 Logic Cells 


Gate Delays Logic Cell Information 


The following circuit was used for all delay simulations. 


INRB 


PRARARARRARRAKRARRARARARARRARARARARARAY 


DATA 


characterized 


(e.g. ND2) 


Inactive 
State 


| © LoaD 
Cell being 


o 
i i rt 


Notice that in addition to a load being applied to the output of the cell being characterized, a 
Capacitive load equal to a three fan-outs was connected to the cell’s input. A value of three fan-outs 
was chosen because this has been found to be quite typical in many designs. Estimated routing 
capacitance equal to 0.10 pF per fan-out has been included, both on the outputs and the inputs. 


(Of course, one can only use estimated capacitances before layout; early in the circuit design phase, 
exact layout capacitances are not available. The factor of 0.10 pF/Aan-out is a conservative one - ona 
typical 0.9 um CMOS design, 90% of all signals will have less than 0.10 pF/fan-out.) 


The inputs of the cells were loaded for delay characterization because the slope of the waveform on 
the input of a gate has a very noticeable effect on its propagation delay. Had this effect been 
neglected, the delay information provided would have been optimistic by about 10%. 


To obtain the cell-delay equations, two MOTIS3 simulations were performed for each cell. One 
simulation was performed with a CLOAD equivalent to a fan-out of three, and another simulation 
was performed with CLOAD equivalent to a fan-out of ten. In both cases, the input of the cell was 
loaded with a capacitance equivalent to a fan-out of three, including estimated routing capacitance. 
These capacitances work out as follows: 


Clo AD = 3 x (0.027 pF/gate + 0.10 pF/autoroute) = 0.38 pF (Fan-out = 3) 
Clo AD = 10 x (0.027 pF/gate + 0.10 pF/autoroute) = 1.27 pF (Fan-out = 10) 


for the area-optimized library, and: 
3 x (0.102 pF/gate + 0.10 pF/autoroute) = 0.606 pF (Fan-out = 3) 
10 x (0.102 pF/gate + 0.10 pF/autoroute) = 2.020 pF (Fan-out = 10) 
for the performance-optimized library. 


The delay values obtained from these simulations were derated by 0.571 (see above) and then used 
to obtain a line intercept (intrinsic delay) and slope (extrinsic delay). 


By now, it has probably become apparent how the delay information provided in this catalog was 
obtained, and how it can be used to an advantage. The delay information was calculated with the 
intent of allowing one to use it to do a circuit design on paper, and then go on with confidence to 


Logic Cells 6-7 


Gate Delays Logic Cell Information 


MOTIS3 simulations knowing that there will be few surprises. Most designers like to avoid surprises 
since they can often result in design delays. 


On the other hand, if you need to squeeze every nanosecond out of the technology, the delay 
information provided here will only get you started. For the highest degree of simulation accuracy, 
real layout capacitances should be included, and either MOTIS3 gate-level timing simulation or 
ADVICE device-level simulation should be used (with ADVICE being the most accurate and CPU 


hungry). 
Calculating Gate Delays - An Example 


A ND2 drives three loads. Consider the following problems: 
1) What are the gate delays under nominal conditions for the performance-optimized version 
of the cell? 


2) For the area-optimized version? 


3) What happens if T=100° C, Vop=4.5 V and worst-case slow wafer processing are 
assumed? 


To solve this problem, we need to look at the Delay Information Table for the ND2: 


Delay Information - ND2 
Propagation |_ Area |_—Performance _ 
Delay 


joan | crits [transistors -earie [nas | Bevin [aris 
4 ZL 4.10ns/pF | 0.83ns | 1.07ns/pF] 0.28ns 
zT 3.24ns/pF | 0.29ns | 0.66ns/pF| 0.18ns 


VDD = 5 V, T = 25°C, nominal process 


NOTE: When calculating delays, remember to include estimated routing capacitance. A value of 0.10 pF 
per fan-out is the autoroute factor suggested for simulation. 


Solutions: 


As we noted before, it’s easiest to take the intrinsic and extrinsic delays and write the delay 
characteristics out as an equation. For the performance-optimized ND2, we have: 


Z 1 delay = 0.28 ns + (1.07 ns/pF) * Total Load in picofarads 
And: 
Z T delay = 0.18 ns + (0.66 ns/pF) * Total Load in picofarads 
For a fan-out of three, the total capacitive load works out to: 
3+ ( 0.102 pF/INRB gate capacitance ) + 3 * (0.10 pF/fan-out capacitance) = 0.606 pF 
Putting this back into our equations for Z | delay and Z T delay: 
Z J delay = 0.28 ns + (1.07 ns/pF) * 0.606 pF = 0.93 ns 
And: 
Z T delay = 0.18 ns + (0.66 ns/pF) * 0.606 pF = 0.58 ns 
To solve the problem for the area-optimized library, we must re-calculate the Capacitive load: 


3 * (0.027 pF/INRB gate capacitance ) + 3 * (0.10 pF/fan-out capacitance ) = 0.381 pF 
Putting this value into the characteristic delay equations for the area-optimized ND2, we get: 

Z J delay = 0.83 ns + (4.10 ns/pF) * 0.381 pF = 2.39 ns 
And: 

Z T delay = 0.29 ns + (3.24 ns/pF) * 0.381 pF = 1.52 ns 


6-8 Logic Cells 


Gate Delays Logic Cell Information 


The next part of the problem is to derate these numbers from nominal conditions to the more severe 
conditions stated in Part 3 of the problem, namely T = 100 °C, VDD = 5 V and worst-case slow 
processing. To do this, we need the derating factors that were presented in Section 2: 


Power Supply and Temperature Derating 


POWER SUPPLY VOLTAGE (Vpp) 
4.50V 4.75V 5.00V_ 5.25V__5.50V 


Process Derating 
Conditions Factor 


Slow 


Nominal 


Fast 


T 
E 
M 
p 
E 
R 
A 
T 
U 
R 
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The derating factor we need can be seen to be: 

D = 1.26 (Slow Process) * 1.39 (VDD = 4.5 V, T = 100 °C) = 1.75 
Accordingly, the gate delays for the performance-optimized ND2 become: 

Z J delay = 0.93 ns * 1.75 = 1.63 ns (T=100 °C, VoD = 4.5 V, slow process) 
And: 

Z T delay = 0.58 ns * 1.75 = 1.02 ns (T=100 °C, VpD = 4.5 V, slow process) 
Similarly, for the area-optimized version of the ND2: 

Z J delay = 2.39 ns * 1.75 = 4.18 ns (T=100 °C, Vop = 4.5 V, slow process) 
And: 

Z T delay = 1.52 ns * 1.75 = 2.66 ns (T=100 °C, VpD = 4.5 V, slow process) 
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And ANDn 


The AND cells provide a logical AND of two to four inputs as specified by the parameter n. 


High power and super power AND cells are available. A suffix of H indicates high power (2x) 
where an S suffix denotes super power (4x). 


Inputs Example: AND3 
A,B,C 
Motis Model 
Outputs 
Z 
A 
Logic Equation B Z 
C 
= (A*B+C) 


Capacitances 


The input terminal capacitance for all AND cells is provided in the following table and is identical 
for all AND cells and all higher power versions. 


Terminal | ss Terminal Capacitance | 
Area 0.027pF 
Pert. 0.102pF 
Cell Size and Delay Information 


Ce is lerome Propagation | _— Area |__—sPerformance _| 


0.53ns/pF 
0.66ns/pF 


0. 66ns/pF . 0. ‘Tens/pE 
0.79ns/pF 0.21ns/pF 


1 SensipF 


‘ ti f : ye oe : 
0.86ns/pF 0.21ns/pF 


VDD=5V, T=25°C, Nominal Process. 


6-10 Logic Cells 


And-Or-Invert AOlabcd 


These cells provide the inverted OR of two to four AND groups. The parameters a, b, c, and d 
specify how many inputs make up each AND group. These parameters are always specified in de- 
scending order and parameters c and d are omitted when their values are zero. 


A small amount of higher power AOI cells are available. A suffix of H indicates high power (2x) 
where an S suffix denotes super power (4x). 


Example: AOI221 


Inputs Motis Model 
A1,A2,B1,B2,C 
Outputs At 
Z A2 
Logic Equation ay 
————_——__—_—__— Z 
Z = (A1*A2)+(B1*B2)+C B2 
C 


Capacitances 


The input terminal capacitance for all AOI cells is provided in the following table and is a 
function of the power of the cell. 


Normal Power High Power Super Power 


Area 0.027pF 0.056pF 0.116pF 
Perf. 0.102pF 0.206pF 0.416pF 
Cell Size and Delay Information 


Propagation|Area__| Performance _| 
ee Extrinsic intrinsic | 
6 


4 
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And-Or-invert AOlabcd 


Cell Size and Delay Information 


on [efron 
32 


AOI22S 17 


a ePetatetePatetetatetetetetetptelateTotetstatatetatetetaltetetatetetetatelePetatatatatatatetatatstate BE atateteteteletatatatetatatetetatetalatatatetetatetetaDePateetatetatatatstatatalatateetetetetetel 


atatataletatatateteceteneretetetatetatetatateatatatereta dh erscsteteceracetaratetatetstarstere Mm averstatereteretstelateteratecaterstereraterateterptetetetata d Mutccsrecetecetarete: oere atin atetatonstererenetoreseratararacere, Mares erstere Were nce sta ener cet ere Peet cette orer cro cereale Rone tee Pret tb cra ere crate seer te Pieren ie renere ontneee! Bie: oneterererB orereteset et oNne amine ear ei ererete| 
teretetetatate ete a a tatettete tea tettear es ere Mevute tae etatgtetate alates eee ah ate ates en ete etetate see es stearate aaa aaa se E Bates a aaenaeeetee paeateage eee wees ee ae aM ae eee see ee eee se ee eee Mee tees s Besetee ee anew ese set tees dhe seen te Dp abe ne he He Owe elsrere sea pee ee ene eR ee ste ee eaten 


& DOOOUEOODO CTO OUR COORG CCCI Mai 


atotetateteretatetatetetetetateteteletnteteretarerteerererell setetetncetataterstretetersesrars’Meratetorsttetetetavarateretersrecsrerpraterstatstaretetets te HM overerernreraraseretetetteteteteteretahatete. 


AOI3111 


aatetatetetatetatatetetetetatetatetaterateteteteetn ete Mtetstatetetetataetae tela hath ietetatataatateateatetetee estes ee ea ese eM Prarie sete sees s ae eeee ae ese ae area pene Meneses eee ees eee ae ee be Ms spe se eee ee eee eee eee nee eee ee Biase ea tee epee ee REO eG wae ee rh bees DA EHS GO REO eT eee eee, 


PO eee CEC CeCe eee yee ne Skye wey ieee a ayaa | hath SS ieee eae eS MiG ee i iain ik PSSM Cote eee. Soe DROS. ME: SCC Mee enn ne nk ei. 


sett atetetateetartatetatatetetatetatatatatat atatata’ Matetatetetattetetetatera ate este eh arstatatatatetatatatstaetee at eateetatetatoteatatetnte BE tetae serene ate etete etn bateta eaters: 


arecatettae 


1.56ns/pF 
1.36ns/pF 


br 
5.88ns/pF 
AOI331 9.71ns/pF 2.05ns/pF 


5.88ns/pF | 1. 1.56ns/pF 
9.64ns/pF | 0. 2.05ns/pF 


AOI332 
VDD=5V, T=25°C, Nominal Process. 
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And-Or-Invert AOlabcd 


Cell Size and Delay Information 


a 


12.88ns/pF 


AOQI333 


AOI3331 


AOI3333 beer ee 


AOI411 2.10ns/pF 


OAS) SG PLO CCSD DISS Meas MORI tS ni ee ieee 


ie aene/pr ; 2. OSns/pF 
6.41ns/pF | 0. 1.36ns/pF 


Osnsip 
7.53ns/pF 


eee 12.95ns/pF 


eteretetetat Matetetetatetet sm atatetatetetatatetatetetatatatetetatetatate’, 


AQI|4221 


AOQI4311 7.46ns/pF 


2 gons/ F 


AOQ|4321 


AOI433 


VDD=5V, T=25°C, Nominal Process. 


Logic Cells 


re B3ne/pF 
12.88ns/pF 


Sons) 
7. 79ns/pF 
9.64ns/pF 


ED. 
2: OSns/pF 
2.75ns/pF 


2. 10nsipF 
2.05ns/pF 


And-Or-Invert 


Cell Size and Delay Information 


AOlabcd 


foe | Grids | Transistors Propagation| _— Area |_——sPerformance | 
22 


AOQI4331 12 


AO14333 


AOI441 


ola 
Meeitien 
. 014431 
is 014433 
an At 


AQ14443 


VDD=5V, T=25°C, Nominal Process. 
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7.46ns/pF 
12.95ns/pF 


7.46ns/pF 
12.88ns/pF 


2.05ns/pF 
2.75ns/pF 


2.05ns/pF 
2.71ns/pF 


Logic Cells 


Built in Self Test BIST1 


This cell provides the required data select logic to Truth Table 
convert any flip-flop to a BIST-style circuit. The BIST1 
cell is used to generate the flip-flop data input. INPUTS OUTPUT 
‘ , DO Di BO BI 
Grids 11, Transistors 18 a ae 
X X 0 0 
1 X 1 1 
Inputs 0 xX { 0 
DO,D1,B0,B1 X , 0 ‘ 
X 0 0 0 
Outputs 0 O { 0 
Z 0 1 1 1 
1 0 1 1 
‘ 1 1 1 0 
Capacitances 


DO D1 BO B1 


Area | 0.028pF 0.027pF 0.027pF 0.028pF 
Perf 0.103pF 0.102pF 0.102pF 0.103pF 
Delay Information 


Performance 


Propagation Delay 


1.03ns/pF 
1.40ns/pF 


3.90ns/pF 1.03ns/pF 
6.47ns/p 1.40ns/pF 


3.96ns/pF : 1.03ns/pF 
6.47ns/pF 1.40ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Il 
BO [3 
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Full Adder 


This cell is a 2-bit full adder which provides inverted sum and carry outputs. FA cells can be 
combined to make arbitrary length adders. 


Grids 15, Transistors 24 
Truth Table 


Inputs 
A.B,C 
AB 
Outputs 0 O 1 
ZCN,ZSN 0 0 0 
oO 1 0 
Capacitances 0 4 { 
1 0 0 
as ieee es 1 0 1 
Area | 0.114pF 0.115pF 0.089pF 1 1 1 
0.415pF 0.416pF 0.315pF 1 1 0 


Delay Information 


Propagation Delay 
| Area | Performance 


1.68ns/pF 
3.57ns/pF 


8.06ns/pF 
16.45ns/pF 


raoretaretereteree Me eter atateettetatetete Batetatetatetet ett ase a ee wee ete a eee alee a ete te Beat eteeteaete a aetna ee ep ee ee tee W He reretee teeta ere a eB ere etete nate ates tere a Bae eee 


1.56ns/pF 
2.59ns/pF 


11.10ns/pF 


PE 
10.77ns/pF 
4.03ns/pF 


rotate ate etoW eteletstetstetateratatete Pavetatetatatattatae ee eee eee eee wate eee PEt ee eee e ee ee aE ater ee ee DR tet SEO awe Ean ase ee sae ane seer eee eee h Pees Bee 


8 
2.30ns/pF 
1.07ns/pF 


DASE epee SOs pens/p 
6.47ns/pF 1.36ns/pF 
14.14ns/pF 3.12ns/pF 


1.56ns/pF 
2.59ns/pF 


BE 
5.88ns/pF 
11.10ns/pF 


VDD=5V, T=25°C, Nominal Process. 
Motis Model ZCN ZCN 
ZCN 
A 
B 
ZSN 


FA 
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inverter INRBn 


The INRB cells provide the logical inversion of the input signal. This cell can also be used as an 
inverting buffer and for this purpose many higher power varieties exist. 

The parameter n indicates the power of the cell in multiples of a standard INRB. A suffix of H in- 
dicates high power (2x) where an S suffix denotes super power (4x). Otherwise the parameter 
n specifies the multiple as a numeric value. 


Inputs Example: INRB12 
A 


Motis Model 
Outputs 
Z 


Logic Equation A yA 


Z=A 


Capacitances 


The input terminal capacitance for all INRB cells is provided in the following table. 


Capacitances 


INRB. INRBH  INRBS~ INRB8 __ INRB12 
Area | 0.027pF 0.054pF 0.109pF 0.220pF 0.330pF 
Perf. | 0.102pF 0.205pF 0.410pF 0.821pF  1.232pF 


Cell Size and Delay Information 


en Propagation| = Area_—s{_—Performance__—i| 
Delay _| Extrinsic | Intrinsic] Extrinsic | Intrinsic. 


2.31ns/pF | 0.92ns | 0.58ns/pF |} 0.29ns 


0. 86ns/pF : 
ns/pF 


0. 40ns/pF : 0.08ns/pF 
0.33ns/pF 0.08ns/pF 


INRB12 | 
VDD=5V, T=25°C, Nominal Process. 
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Nand NDn 


The ND cells provide a logical NAND of two to four inputs as specified by the parameter n. 


High power and super power NAND cells are available. A suffix of H indicates high power (2x) 
where an S suffix denotes super power (4x). 


Example: ND3 


Inputs 
A,B,C 
Motis Model 
Outputs 
Z 
A 
Logic Equation B Z 
C 


Z = (A*B+C) 


Capacitances 


The input terminal capacitance for all ND cells is provided in the following table. 


ND2,ND3,ND4 ND2H ND2S ND3H ND3S ND4H ND4S 


0.027pF O.056pF 0.112pF 0.055pF 0.110pF 0.055pF 0.111pF 
0.102pF 0.206pF 0.413pF 0.205pF 0.411pF 0.102pF (0.41 2pF 


Cell Size and Delay Information 


4.10ns/pF 1.07ns/pF 
3.24ns/pF 0.66ns/pF 


1.98ns/pF | ~ | 0.53ns/pF 
0.86ns/pF 0.21ns/pF 


VDD=5V, T=25°C, Nominal Process. 
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Nor NRn 


The NR cells provide a logical NOR of two to four inputs as specified by the parameter n. 


High power and super power NOR cells are available. A suffix of H indicates high power (2x) 
where an S suffix denotes super power (4x). 


Example: NR3 


Inputs 
A,B,C 
Outputs 
Z 
A 
Logic Equation B Z 
—_—_—— C 
Z = (A+B+C) 


Capacitances 


The input terminal capacitance for all NR cells is provided in the following table. 


NR2,NR3,NR4 NR2H NR2S NR3H NR3S NR4H NR4S 


0.027pF 0.056pF 0.112pF 0.057pF 0.114pF 0.055pF 0.11 1pF 
0.102pF 0.206pF 0.412pF 0.207pF 0.415pF 0.206pF 0.412pF 


Cell Size and Delay Information 


0.58ns/pF 
0.86ns/pF 0.21ns/pF 


1.39ns/pF 0.33ns/pF 
4.82ns/pF 1.03ns/pF 


1.98ns/pF | 1. 0.58ns/pF 
12.88ns/pF 2./5ns/pF 


0.86ns/pF 0.21 ns/pF 
3.17ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 
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Or-And-Invert OAlabcd 


These cells provide the inverted AND of two to four OR groups. The parameters a, b, c, and d 
specify how many inputs make up each OR group. These parameters are always specified in de- 
scending order and parameters c and d are omitted when their values are zero. 


A small amount of higher power OAI cells are available. A suffix of H indicates high power (2x) 
where an S suffix denotes super power (4x). 


Example: OAI221 


Inputs Motis Model 
A1,A2,B1,B2,C 
Outputs At 
Z A2 
Logic Equation 1 
SS Z 
Z = (A1+A2)+(B1+B2)+C B2 
C 
Capacitances 


The input terminal capacitance for all OAI cells is provided in the following table and is a 
function of the power of the cell. 


Normal Power High Power Super Power 
Area 0.027pF 0.056pF 0.113pF 
Pert. 0.102pF 0.206pF 0.413pF 

Cell Size and Delay Information 


co [elim Propagation | ss Area__——s|_—sPerformance__| 


“als 


One 11 


VDD=5V, T=25°C, Nominal Process. 


6-20 Logic Cells 


Or-And-Invert OAlabcd 


Cell Size and Delay Information 


Ee oo de 
16 


Delay __| Extrinsic | intrinsic 
OAI22H 9 


OAI2211 
OAI222H 


OAI2222 


OAI3111 
OAI321 
OAI322 


OAI3222 


OAI331 


OAI332 


OAI3322 


: Bene BS oe : 


3.04ns/pF 
3.24ns/pF 


AS? 


7.86ns/p 
6.47ns/pF 


7.46ns/p 


5.61ns/pF 
9.71ns/pF 


5.61ns/p 
9.71ns/pF 


Ue 


5.61ns/pF 
9.71ns/pF 


BS7p 


7.33ns/p 
9.71ns/pF 


aletetet sTeretetete: 


1.56ns/p 
2.05ns/pF 


2.05ns/p 
2.05ns/pF 


VDD=5V, T=25°C, Nominal Process. 
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Or-And-Invert OAlabcd 


Cell Size and Delay Information 


rea | ~Perormance | 
10 18 


OAI333 5.55ns/pF | 1. 1.56ns/pF 


OAI3332 


OAI4111 


OA 1421 
= 
enue 
on 1431 


OAI432 


Santen dota tt na in Stn LE nity 


6.28ns/pF | 1.81ns | 2.10ns/p 


OAI4322 12.88ns/pF | 1. 2.75ns/pF 


6.21ns/pF 2.05ns/p 
12.95ns/pF | 1.2 2./1ns/pF 


OAI4331 


nt ss She SED! 
6.1 2.10ns/p 
12.95ns/pF 2.75ns/pF 


OAI4333 
VDD=5V, T=25°C, Nominal Process. 
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Or-And-Invert OAlabcd 


Cell Size and Delay Information 


an xh ti xd 


6.28ns/ 


OAI4442 


5.95ns/pF | 2.05ns/pF 
12.95ns/pF 2.75ns/pF 


OAI4444 
VDD=5V, T=25°C, Nominal Process. 
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Or ORn 


The OR cells provide a logical OR of two to four inputs as specified by the parameter n. 


High power and super power OR cells are available. A suffix of H indicates high power (2x) where 
an S suffix denotes super power (4x). 


Example: OR3 


Inputs 
A,B,C 
Motis Model 
Outputs 
Z 
A 
Logic Equation B Z 
C 


Z = (A+B+C) 


Capacitances 


The input terminal capacitance for all OR cells is provided in the following table and is identical 
for all OR cells and all higher power versions. 


Terminal Capacitance 


Area 0.027pF 
Perf. 0.102pF 


Cell Size and Delay Information 


1.98ns/pF 0.53ns/pF 
3.17ns/pF 0.66ns/pF 


SNS: ere aicts es 
0.79ns/pF 
0.79ns/pF 


ANS! 
1.26ns/pF 
1.65ns/pF 


2.18ns/pF 
3.24ns/pF 


1.06ns/p 
0.79ns/pF 0.16ns/pF 


VDD=5V, T=25°C, Nominal Process. 


6-24 Logic Cells 


Select Data 


Select either DO or D1 to the output. 


Grids 7, Transistors 12 


Inputs 
D0,D1,SD 


Outputs 
Z 


Capacitances 


DO D1 SD 


Area | 0.029pF 0.027pF 0.054pF 
Perf | 0.104pF 0.102pF 0.204pF 
Delay Information 


To 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


DO 
SD 


D1 


Logic Cells 


SD210 


Truth Table 


INPUTS OUTPUTS 
Z 


DO D1 SD 


Propagation Delay 


Performance 


0.58ns/pF 
0.66ns/pF 


6-25 


Select Data | SD211 


Select either D1 or the inversion of DO to 
the output. 


Truth Table 
INPUTS OUTPUTS 


Grids 6, Transistors 10 


Inputs 
DO,D1,SD 


Outputs 
Z 


Capacitances 


DO D1 SD 


Area | 0.027pF 0.027pF 0.058pF 
Perf | 0.102pF 0.102pF 0.208pF 


Delay Information 


Propagation Delay 
| Area SCid|s SC«éPeerformance 


1.36ns/pF 
1.07ns/pF 


6.47ns/pF 
4.03ns/pF 


Motis Model 


D1 
SD 


DO 


6-26 Logic Cells 


Select Data S$D212 


Select either DO or the inversion of D1 to 


the output. 
Truth Table 
Grids 6, Transistors 10 INPUTS OUTPUTS 


Inputs 

DO,D1,SD 0 xX 0 
1 xX 0 

Outputs x 2 a 

7 X 1 1 

Capacitances 


DO D1 SD 


Area 0.027pF 0.027pF 0.058pF 
Perf 0.102pF 0.102pF 0.208pF 


Delay Information 


Propagation Delay 
| Area | Performance 


1.98ns/pF 0.53ns/pF 


1.98ns/pF : 0.53ns/pF 
6.47ns/pF 


Motis Model 


DO 
SD 


D1 


Logic Cells 6-27 


Select Data | $D213 


Select either the inversion of DO or the 
inversion of D1 to the output. 


Truth Table 


Grids 6, Transistors 10 OUTPUTS 
Inputs 

D0,D1,SD 

Outputs 

Z 

Capacitances 


DO D1 SD 


0.027pF 0.028pF  0.058pF 
Perf | 0.102pF 0.103pF _0.208pF 


Delay Information 


Propagation Delay 
Area | SSPeerformance 


OCR ION 


SOC CCI ai a OC I iit i a it ee SE OC SCOOT ORIENT! MIN I HH SRM 5 AL CHC eR OR 
PO eee eee ey eee eee ee ee eee eee eee EERE PEELE) CeCe ee eee ee CI OCR ME SO 0 A I CO 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


DO 
SD 


D1 


6-28 Logic Cells 


3-State Bus Driver TBDI 


The TBDI cells are 3-statable inverters. These cells are intended for internal bus structures. 


A high power TBDI cell is available. The suffix of H indicates high power (2x). 


Truth Table 

Inputs INPUTS OUTPUT 
D,CK,CKN [D_ CK CKN{ Qn | 

0 1 0 1 
Outputs 1 1 0 0 
QN xX 0 1 | High Impedance 
Capacitances 

TBDIH 


D CK CKN D CK CKN 


Area | 0.027pF 0.012pF 0.013pF | 0.055pF 0.026pF  0.028pF 
Perf | 0.102pF 0.012pF 0.017pF | 0.205pF 0.025pF 0.036pF 


Performance 


Propagation Delay 


0.26ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
= CKN 


N1 
D QN 


CK 


Logic Cells 6-29 


3-State Bus Driver TBUS 


The TBUS cells are 3-statable buffers. These cells are intended for internal bus structures. 


A high power TBUS cell is available. The suffix of H indicates high power (2x). 


Truth Table 
Inputs INPUTS OUTPUT 
D,CK.CKN cK KN] 
0 X 0 0 
Outputs 1 1 x 1 
Q xX 0 1 | High Impedance 


Capacitances 


TBUSH 
D CK CKN D CK CKN 


Area | 0.057pF 0.028pF 0.028pF | 0.057pF 0.028pF 0.028pF 
Perf | 0.107pF 0.103pF 0.103pF | 0.207pF 0.103pF 0.103pF 


ae te Transistors 
10 


Performance 


Propagation Delay 


VDD=5V, T=25°C, Nominal Process. 


VDD 
Motis Model 
M1 
CK 
2 . 
D 
CKN 
vss 


6-30 Logic Cells 


3-State Bus Driver TBUSI 


The TBUSI cells are 3-statable inverting buffers and are intended for internal bus structures. 


A high power TBUSI cell is available. The suffix of H indicates high power (2x). 


Truth Table 


Inputs INPUTS OUTPUT 

D,CK,CKN D CK CKN{ Qe. 
0 1 X 1 

Outputs 1 Xx 0 0 

Q xX 0 1. | High Impedance 


Capacitances 


TBUSI TBUSIH 
D CK CKN D CK CKN 


Area | 0.027pF 0.027pF 0.028pF | 0.027pF 0.027pF 0.028pF 
Perf | 0.102pF 0.102pF 0.103pF | 0.102pF 0.102pF 0.103pF 


Cell Size and Delay Information 


Propagation Delay 
From | Area |__—~Performance _| 
Cell Transistors || Input | Extrinsic | Intrinsic | 


VDD= 
VDD 
Motis Model 
1 
CK 
DN 2 Q 
D 
CKN 
vss 


Logic Cells 6-31 


Transmission Gate | TGn 


The TG cells contain one or more transmission gates whose outputs are connected to form a 
common bus output. The parameter n specifies the number of transmission gates and each 
transmission gate consists of both an N- and P- type transistor. 


Example: TG2 
Inputs Motis Model 


D1,D2,CK1,CK1N,CK2,CK2N 


CcKIN ——— 
Outputs 
Q D1 
Truth Table 
cK1 ———I 
INPUTS OUTPUT Q 
D1 D2 CK1 CKIN CK2 CK2AN| Q | Gyn —— 
D2 
High Impedance CKO: se 


Capacitances 
The input terminal capacitance for all TG cells is provided in the following table. 


D1,D2,D3. CK1,CK2,CK3 CK1N,CK2N,CK3N 
Area | 0.019pF 0.012pF 0.013pF 
Perf. | 0.020pF 0.012pF 0.017pF 


Cell Size and Delay Information 


| Area |__—~Performance 
|Intrinsic| Extrinsic _| Intrinsic | 


3.04ns/pF } 0.59ns | 1.81ns/pF | 0.30ns 
.64ns/pF | 0.34ns | 1.48ns/pF 


Si 
1.77ns/pF 


2.97ns/pF 1.81ns/pF 
2.64ns/pF 1.44ns/pF 


VDD=5V, T=25°C, Nominal Process. 


6-32 | Logic Cells 


Exclusive Nor XNOR 


The XNOR and XNORH cells provide the EXCLUSIVE NOR function. Additionally, since two 
gates are required for the XNOR function the NAND of the inputs is also provided as an output. 
The suffix of Hon the XNORH indicates high power (2x). 


Motis Model 
Inputs : 
A.B A - 
Outputs : . 
Z,21 
Logic Equations = 
Z=(A*B)+(A*B) Capacitances 


Z1=(A*B) 


Area 0.058pF 
Perf 0.209pF 


Cell Size and Delay Information 


0.114pF 
0.415pF 


0.112pF 
0.413pF 


Propagation Delay 


From | Area 
|e Input Output Extrinsic {intrinsic Extrinsic {Intrinsic 


sip 
8.26ns/pF 
4.10ns/pF 


3. 24nsipF 


4.03ns/pF 


4. 4.69nsipF 


3.24ns/pF 


4. 2ansipF 
1.59ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Logic Cells 


Performance 


ch 18ns/pF | 0.31ns 
1.36 


Sep. 
2.05ns/pF 
1.03ns/pF 


ONS/D 
0. 66ns/pF 
1.07ns/pF 


1 ‘O7ns/pF 


0.70ns/pF 


Tek ; a ASAD 
1 OmnsioF 


2 - Saree a Zs 


Exclusive Or XOR 


The XOR and XORH cells provide the EXCLUSIVE OR function. Additionally, since two gates are 
required for the XOR function, the NOR of the inputs is also provided as an output. The suffix of 
Hon the XORH indicates high power (2x). 


Motis Model 


Inputs 
A,B 


Outputs 
Z,2Z1 


Logic Equations 

Z=(A +B) + (A+ B ) Capacitances 

alee oe 
A Bo] A BL 


Area 0.058pF 0.058pF | 0.114pF 0.112pF 
Perf 0.211pF O0.209pF | 0.415pF 0.413pF 


Cell Size and Delay Information 


Propagation Delay 
To | Areas |_—s Performance __ 
Transistors Extrinsic Extrinsic {intrinsic 


Output 


0. 58ns/pF 


1.36ns/pF 
1 O7ns/pr 


6.28ns/pF | 0. 1 36nsipF 
UL OLN Reale Be cael HM rr eet 


1.03ns/pF 
0 rclleleal 


2 
0.66ns/pF 
0. ealtol al 
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Sequential Cells 


Section 7 
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Introduction Flip-Flop Information 


This section contains data sheets that provide detailed information on the flip-flops and latches in 
the 0.9 um CMOS Library. What follows here is some background about the flip-flop family and 
should help with the selection and use of these cells. 


« There are 131 flip-flops and latches described in this guide. 


¢ If scan-testing is to be used as a test strategy, many of the flip-flops have scan-test 
replacements available. Flip-flops that have scan-test replacements are indicated in the 
functional index that follows. 

¢ Acomplete set of flip-flops has been provided for your use. Included in the 0.9 um CMOS 
Library are flip-flops and latches with all reasonable combinations of: 


- Presets (both polarities) 

- Clears (both polarities) 

- Sample inputs 

- Clock edge- or level-triggering (both polarities) 


Having a complete set of flip-flops and latches available means that you will always be able to 
find the cell you need and will not need to tie off any unused inputs to either VSS or VDD. 
Synthesis tools also realize improved efficiency; for example, see FDS in Section 10. This 
saves silicon area and improves circuit performance. 

¢ All static flip-flops and latches have both Q and QN available as outputs. This makes the 
library easy to use and avoids the need to add inverters to the flip-flops when inverted 
signals are required. 

* Both area-optimized and performance-optimized versions of each cell are available. Thus, if 
your performance requirements do not tax the limits of the technology, you will be able to 
save some area by using the area-optimized library. 


Sequential Cells 7-1 


Naming Conventions Flip-Flop Information 


The convention for naming all of the sequential elements is shown in the following table. Each cell is 
identified via a seven-character name. 


Name = abcdefg 


Static implementation. 


These cells contain a BIST select front end for use 
with the built in self test methodology. 

D type Flip-Flop. 

These cells contain a scan select front end for use 
with the scan testable design methodology. 

R-S type Flip-Flop. 


value | Number of clocks, not the number of phases. 
This parameter identifies the sample capablity. 


No sample input. 
Positive level sample. 
Negative level sample. 


When the cell has no clock inputs (c=0), this 
specifies the polarity of the S and R inputs. Otherwise, 
this refers to the clock inputs. 

Cells with no clock or c=0. 


Positive level S input and positive level R input. 
Negative level S input and negative level R input. 
Positive level S input and negative level R input. 
Negative level S input and positive level R input. 


Cells with clock inputs. 


Positive level sense or Master-Slave clock inputs. 
Negative edge triggered. 

Positive edge triggered. 

Negative level sense. 


B 

D 

L 

S 
| value | 
ee! 

S 

P 

N 

1 

2 

7 

8 

1 

2 

3 

5 


continued on next page. 


7-2 Sequential Cells 


Naming Conventions Flip-Flop Information 


(continued from previous page) 


ae Name = abcdefg 
No clear or preset inputs. 
Positive level asynchronous preset. 


asynchronous Clear. 


asynchronous Clear. 
G 


Negative level asynchronous preset and negative level 
asynchronous Clear. 


Negative level synchronous preset. 
Negative level synchronous clear. 


Negative level asynchronous preset and positive level 
asynchronous Clear. 


synchronous clear. 
synchronous Clear. 


Negative level synchronous preset and negative level 
synchronous clear. 


Negative level synchronous preset and positive level 
synchronous clear. 


This cell requires more than one connection 

for one or more of the inputs. This technique allows 
Circuits designed with one library to be easily 
converted to any other library. 


ee 


ce 
He 
co 


Example: FD1P3Q is a single clock positive edge triggered Static D type Flip-Flop with a positive 
level sample, a negative level synchronous preset and a negative level synchronous clear. 


a= F _ Static cell. 
= D Dtype. 
FD1P3Q c= 1 __ Single clock. 
= P_ Positive level sample. 
= 3. Positive edge triggered. 
f= Q__ Synchronous negative level preset and 


synchronous negative level clear. 
Example: FD2S1J is a Static Master-Slave D type Flip-Flop with a positive level synchronous preset. 


Static cell. 

D type. 

Two clocks. 

No sample input. 

Master-Slave clocking. 

Positive level synchronous preset. 


FD2S1J 


~7aadndoy» 


j-QnouoTt 


Sequential Cells 7-3 


Selection Guide Flip-Flop Information 


The following pages tabulate the flip-flops and latches into a functional index. 


Static Flip-Flops and Latches 
-_Coll__| Page | Grids | Transistors | Clocking [Preset | Clear | Sample Scan Equivatent 


FLIiN2MX 
FLiN3AX 


_ ee 
FL1P3JX 


FL1P3MX 


FLIS2AX 
FL1S2BX 


FLISEX 
FL1S2EX 


“FLAS2UX 


FLIS2NX 
FL1S20OX 


FL1 S3CX 
FL1S3DX 


FL1S3GX 


MS = Master-Slave, NE = Negative Edge-Triggered, NL = Negative Level, 
PE = Positive Edge-Triggered, PL = Positive Level, 
SNL = Synchronous Negative Level, SPL = Synchronous Positive Level 


7-4 Sequential Cells 


selection Guide Flip-Flop Information 


Static Flip-Flops and Latches 


[call [Page [Gras [Transisiors [Clocking | Preset| clear [Sample | Scan Equivalent 
FL1S3IX 
FLIS3UX_ 


FL1S3MX 
FLIS3NX 


FL2S1FX 
FL2S1G 


FL281 KX 
FL2S1L 


(FD1N2AX) » 
x 


3/ 
(FD1N3JX) 
(FD1N3MX) 


MS = Master-Slave, NE = Negative Edge-Triggered, NL = Negative Level, 
PE = Positive Edge-Triggered, PL = Positive Level, 
SNL = Synchronous Negative Level, SPL = Synchronous Positive Level 


Sequential Cells — 7-5 


Selection Guide Flip-Flop Information 
Static Flip-Flops and Latches 


Cell _| Page | Grids | Transistors | Clocking {Preset | Clear | Sample | Sean Equivalent 


(FD1S2AX) 


(FD1S2EX) 
(FD1S2FX) 


(FD1S3CX) 
(FD1S3DX) 


18) 
(FD2S1A) 
(FD2S1B) 


pase 


MS = Master-Slave, NE = Negative Edge-Triggered, NL = Negative Level, 
PE = Positive Edge-Triggered, PL = Positive Level, 
SNL = Synchronous Negative Level, SPL = Synchronous Positive Level 


7-6 Sequential Cells 


Gate Delays Flip-Flop Information 


If we turn to the FD1S2AX as an example, the following setup and propagation delay information 
has been provided on page 7-31. 


Delay Information - FD1S2AX 


Setup Propagation Delay 
Time | Area —s|_ Performance 


Area Pert. 


1.98ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 
7.93ns/pF 1.73ns/pF 
5.75ns/pF 1.40ns/pF 


VDD =5V, T=25°C, nominal process. 


NOTE: 
1) BothQ and QN were equally loaded when this delay information was calculated. 
2) When calculating estimated delay values, remember to include estimated routing 
capacitance. A value of 0.10 pF per fan-out is the autoroute suggested for simulation. 
See section 6 for a detailed description of how the delay information was calculated. 
IMPORTANT NOTE: 
3) The signal name CK refers to the common connection of CKA and CKB. The X 
suffix in any cell name indicates that some input signals require more than one 


connection to the cell. The delay and truth tables always refer to the common 
connection of these inputs. 


A similar delay table is provided for all 131 flip-flops and latches described in this section. 


The setup times in the delay information tables are measured according to the following diagram: 


CLOCK INPUT 
(ACTIVE EDGE) UNITY GAIN VOLTAGE 
'seTUP 
DATA 
INPUT UNITY GAIN VOLTAGE 


Sequential Cells 7-7 


Gate Delays | Flip-Flop Information 


Similarly, the delays from CLOCK, asynchronous PRESET or asynchronous CLEAR to OUTPUT is 
measured according to the following diagram: 


PRESET,CLEAR 
or CLOCK INPUT —_—-UNITY GAIN VOLTAGE 


(ACTIVE EDGE) 


Q, QN 
OUTPUT 


UNITY GAIN VOLTAGE 


As with the logic cells, both intrinsic and extrinsic delays are specified for the output propagation 
delays. In graphical terms, they have the following meaning: 


SLOPE = EXTRINSIC DELAY 
DELAY 


INTERCEPT = INTRINSIC DELAY 


LOAD 


In physical terms, the intrinsic delay represents the zero-load delay of the output stage. The extrinsic 
delay is related to the cell’s output impedance and is a measure of how the delay of the cell will vary 
under different loading conditions. 


7-8 Sequential Cells 


Gate Delays Flip-Flop Information 


As with the logic cells, MOTIS3 was used to characterize the flip-flops and latches to prepare the 
delay information tables in this catalog. The methodology used was very similar: two sets of 
simulations for each flip-flop were performed, one with a fan-out of three and another with a fan-out 
of ten. The two delay values were then used to obtain a line intercept (an intrinsic delay) and slope 
(an extrinsic delay), (See pages 6-4 to 6-9 for a more detailed description of the cell characterization 
methodology.) 


The circuit used for characterization is illustrated below: 


INRB 
DATA 3 
. | » Cin ¢ |  SLoapd 
INRB Dee acetate oe ; 
CcLocK CELL BEING 
CHARACTERIZED 
e.g. FD1S2AX 
Tee Tee 
IMPORTANT NOTE: 


The signal name CK refers to the common connection of CKA and CKB. The X 
suffix in any cell name indicates that some input signals require more than 
one connection to the cell. The delay and truth tables always refer to the 
common connection of these inputs. 


Sequential Cells 7-9 


Gate Delays Flip-Flop Information 


Notice that both Q and QN were loaded with CLOAD during the characterization. This is a 
conservative approach, because in most flip-flops, Q and QN are directly related to one another. This 
can be seen in the schematic of the FD1S2AX, below, 


CKA 


CKB 


In this case, QN is an inverted version of Q. As the load on Q increases, the CK-QN delay will 
increase even if there is no load on QN. Thus, characterization of the FD1S2AX with identical loading 
on both Q and QN makes the CK-QN delay increase much more quickly than if you were to increase 
the load on either Q or QN alone. 


If we return to the delay information table for the FD1S2AX, it can be seen that the effect of loading 
both Q and QN is reflected in both the intrinsic and extrinsic delay values for this cell. 


The intrinsic and extrinsic delays for the area-optimized FD1S2AX can be used to write the 
characteristic CK->Q and CK-QN delay equations: 


ToK >Qt= 0.98 ns + (3.24 ns/pF) times the total load in picofarads 
ToK >a) = 1.16 ns + (1.98 ns/pF) times the total load in picofarads 
Tok SOQNT = 1.26 ns + (5.75 ns/pF) times the total load in picofarads 
ToK Qn = 1-13 ns + (7.93 ns/pF) times the total load in picofarads 


The intrinsic and extrinsic delays for the performance-optimized FD1S2AX can be used in a similar 
set of equations. 


The characteristic equations can be used to estimate the output delay of flip-flops and latches. An 
example of their use is detailed on Pages 6-4 to 6-9. 


7-10 Sequential Cells 


static D-Type Flip-Flop FB1S2AX 


Negative edge triggered, BIST select Truth Table 
front end. 
OUTPUTS 
shatheli [OLD | 
, OLD | NEW | 
Grids 23, Transistors 36 DO. Di BO BI CK r@ aN] Q an’ 
input J ea ee 
x 0 tI|x xio 1 
Outputs x o Li{[x x l1 0 
Q,QN 0 x LtIix xio 1 
0 x LIix xi1 0 
1 1 L 1X x | 1 0 
Capacitances 1 1 J {xX xXjo 1 
X 


= Don't care 


DO D1 BO Bt CKA CKB 
Area | 0.028pF 0.027pF 0.027pF 0.028pF 0.056pF 0.029pF 
Perf | 0.103pF 0.102pF 0.102pF 0.103pF 0.065pF 0.033pF 


Delay Information 


Setup Propagation Delay 
Time | Area | Performance 
[Intrinsic | Extrinsic _| Intrinsic | 


1.98ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 


7.93ns/pF 1.73ns/pF 
5.75ns/pF 1.40ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


mE, on BS : iB 
oa 


Sequential Cells 7-11 


Static D-Type Flip-Flop FB1S3AX 


Positive edge triggered, BIST select Truth Table 
front end. 
OUTPUTS 
ee [OLD 
: : OLD | NEW __ 
Grids 23, Transistors 36 DO D BO. Bi CK|Q ON|Q aN 
inputs Dx tix xlo a 
DO,D1,B0,B1,CKA,CKB 0 *lx x4 0 
X T xX xX ) 1 
Outputs 1 TAK. SD Oo 
Q,QN X T X X 0 1 
1 TIX X41 1) 
X T 1X xX 1 0 
1 T |X X10 1 


Capacitances 


DO D1 BO CKA CKB 


“Area | 0.028pF 0.027pF 0.027pF 0.028pF 0.057pF _0.028pF 
Pert | 0.103pF 0.102pF 0.102pF 0.103pF 0.065pF _0.032pF 


Delay Information 


Setup 
Time 


Propagation Delay 
| Areas |__—s~Performance _— 


0.58ns/pF 
0.66ns/pF 
1.73ns/pF 
1.40ns/pF 


2.05ns/pF 
3.24ns/pF 
7.99nS/pF 
5.81ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
BO 7 
DI r) >) 3s 
= 
Do TE 
Bl 
CKA 
CKB 


7-12 Sequential Cells 


Static D-Type Flip-Flop FDIN2AX 


Negative edge triggered, negative level Truth Table 
sample. 


Grids 19, Transistors 26 


Inputs 
D,SPN,CKA,CKB 


Outputs 
Q,QN 


Capacitances 


D SPN CKA CKB 


Area 0.019pF 0.056pF 0.060pF 0.029pF 
Perf 0.058pF 0.207pF 0.070pF 0.033pF 


Delay Information 


Propagation Delay 
From To | Area ——'|_—Performance 


Input Output 
1.10ns 0.87ns 7.93ns/pF 1.73ns/pF 
1.39ns 0.92ns 5.75ns/pF 1.44ns/pF 
1.39ns 1.10ns 2.05ns/pF 0.58ns/pF 
1.56ns_ 1.16ns 3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Sequential Cells 7-13 


static D-Type Flip-Flop FDIN2JX 


Negative edge triggered, negative level Truth Table 
sample, positive synchronous preset. 


Grids 21, Transistors 32 


Inputs 
D,SPN,CKA,CKB,PD 


Outputs 
Q,QN 


= Don't care 


Capacitances 


D SPN CKA CKB PD 
Area | 0.029pF 0.058pF 0.057pF 0.029pF  0.027pF 
Pert | 0.104pF 0.208PF 0.065pF 0.033pF 0.102pF 


Delay Information 


Performance 


Propagation Delay 


Input 


2.05ns/pF 
3.24ns/pF 
7.93ns/pF 
5.75ns/pF 


0.58ns/pF 
0.66ns/pF 
1.73ns/pF 
1.40ns/pF 


2.20ns 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 


SPN 


QN 


7-14 Sequential Cells 


static D-Type Flip-Flop FD1N2MX 


Negative edge triggered, negative level Truth Table 


sample, negative synchronous clear. 
OUTPUTS 
INPUTS OLD 


SNCS el dtenelslole se a ae Te 
0 1 0 1 
1 0 1 0 
X D4 0 1 
X X 0 1 
X ».4 1 0 


Inputs 
D,SPN,CKA,CKB,CDN 


Outputs 
Q,QN 


= Don't care 


Capacitances 


D SPN CKA CKB CDN 


Area | 0.029pF 0.057pF 0.057pF 0.029pF 0.027pF 
Perf | 0.104pF 0.207pF 0.065pF 0.033pF 0.102pF 


Delay Information 


To | Area_—|__—~Performance _ 
| Extrinsic | intrinsic | Extrinsic | Intrinsic 


Output 
2.05ns/pF 0.58ns/pF 


3.24ns/pF 0.66ns/pF 
7.93nS/pF 1.73ns/pF 
5.75ns/pF 1.40ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


‘>> > aS > aD Seas 
CDN ies Yee \/ QN ; 


CKB 


Sequential Cells 7-15 


static D-Type Flip-Flop FDIN3AX 


Positive edge triggered, negative level Truth Table 
sample. 


Grids 19, Transistors 26 


Inputs 
D,SPN,CKA,CKB 


Outputs 
Q,QN 


Capacitances 


D SPN CKA CKB 


Area | 0.019pF 0.056pF 0.060pF  0.029pF 
Perf | 0.058pF 0.207pF 0.068pF 0.033pF 


Delay Information 


Propagation Delay 
| Area |_——s~Performance __ 


1.10ns 0.87ns 7.99ns/pF 1.73ns/pF 

1.39ns 0.92ns 5.75ns/pF 1.44ns/pF 

1.39ns 1.04ns 2.05ns/pF 0.58ns/pF 

1.56ns 1.16ns 3.24ns/pF 0.66ns/pF 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-16 Sequential Cells 


static D-Type Flip-Flop FDIN3JX 


Positive edge triggered, negative level Truth Table 


INPUTS OUTPUTS 


sample, positive synchronous preset. 


Grids 21, Transistors 32 


Inputs 
D,SPN,CKA,CKB,PD 


Outputs 
Q,QN 


Capacitances 


D SPN CKA CKB PD 
Area | 0.029pF 0.058pF 0.057pF 0.029pF  0.027pF 
Perf | 0.104pF 0.208pF 0.065pF 0.033pF 0.102pF 


Delay Information 


| Area | Performance _| 
Intrinsic | Extrinsic _| Intrinsic 


2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 
7.99ns/pF 1.77ns/pF 
5.75ns/pF 1.44ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


SPN 


PD 


QN 


CKB 


Sequential Cells 7-17 


static D-Type Flip-Flop FDIN3SMX 


Positive edge triggered, negative level Truth Table 


sample, negative synchronous clear. 
INPUTS OUTPUTS 


Grids 21, Transistors 32 


Inputs : 
D,SPN,CKA,CKB,CDN x 
0 
Outputs { 
Q,QN X = Don't care 


Capacitances 


D SPN CKA CKB CDN 
Area | 0.029pF 0.057pF 0.057pF 0.029pF  0.027pF 
Perf | 0.104pF 0.207pF 0.065pF 0.033pF 0.102pF 


Delay Information 


Setup Propagation Delay 
Time To | Areas |_——s#Peerformance | 
Pert. Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic | 


2.05ns/pF 0.58ns/pF 


3.24ns/pF 0.70ns/pF 
7.99ns/pF 1.77ns/pF 
5.75ns/pF 1.44ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


QN 


CKB 


7-18 Sequential Cells 


Static D-Type Flip-Flop FD1P2AX 


Negative edge triggered, positive level Truth Table 
sample. 


Grids 19, Transistors 26 


Inputs 
D,SP,CKA,CKB 


Outputs 
Q,QN 


Capacitances 


Area 0.019pF 0.056pF 0.060pF 0.029pF 
Perf 0.058pF 0.207pF 0.070pF 0.033pF 


Delay Information 


Time 
1.10ns 0.87ns 
1.39ns 0.92ns 
1.39ns 1.04ns 
1.62ns  1.16ns 


VDD=5V, T=25°C, Nominal Process. 


Input 
Signal 
Name 


| Area | —_Performance 
Output | Extrinsic | Intrinsic | Extrinsic _| Intrinsic. 


7.93ns/pF 1.73ns/pF 
5.75ns/pF 1.44ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 


Motis Model 


CKB 


Sequential Cells 7-19 


static D-Type Flip-Flop FD1P2JX 


Negative edge triggered, positive level Truth Table 


INPUTS | OUTPUTS 


sample, positive synchronous preset. 


Grids 21, Transistors 32 


Inputs 
D,SP,CKA,CKB,PD 


Outputs 
Q,QN 


Capacitances 


D SP CKA CKB PD 
Area 0.029pF 0.057pF 0.057pF 0.029pF 0.027pF 
Perf 0.104pF 0.207pF 0.065pF 0.033pF 0.102pF 


Delay Information 


Setup 
Time 


Propagation Delay 
| Area ——s|_ Performance _— 


2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.66ns/pF 
7.93ns/pF 1.73ns/pF 
5.75ns/pF 1.40ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-20 Sequential Cells 


static D-Type Flip-Flop FD1P2MX 


Negative edge triggered, positive level Truth Table 


INPUTS OUTPUTS 


sample, negative synchronous clear. 


Grids 21, Transistors 32 


Inputs 
D,SP,CKA,CKB,CDN 


Outputs 
Q,QN 


Capacitances 


D SP CKA CKB CDN 
0.029pF 0.058pF 0.057pF 0.029pF  0.027pF 
Perf | 0.104pF 0.208pF 0.065pF 0.033pF 0.102pF 


Delay Information 


| Area | _—Performance 
Intrinsic | Extrinsic | Intrinsic | 


2.05ns/pF 0.58ns/pF 


3.24ns/pF 0.66ns/pF 
7.93ns/pF 1.73ns/pF 
5.75ns/pF 1.40ns/pF 


1.85ns 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 


QN 


CKA > 


CKB 


Sequential Cells 7-21 


Static D-Type Flip-Flop FD1P3AX 


Positive edge triggered, positive level Truth Table 


sample. 
| OUTPUTS 
jp ompurs ap NEW 
|Q ON 


Grids 19, Transistors 26 


Inputs 
D,SP,CKA,CKB 


Outputs 
Q,QN 


Capacitances 


Area 0.019pF 0.056pF 0.060pF 0.029pF 
Perf 0.058pF 0.207pF 0.068pF 0.033pF 


Delay Information 


Time 
1.10ns 0.87ns 
1.39ns 0.92ns 
1.39ns 1.04ns 
1.62ns = 1.16ns 
VDD=5V, T=25°C, Nominal Process. 


Input 
Signal 
Name 


Propagation Delay 
| Area |__—s~Performance 


1.73ns/pF 
1.44ns/pF 
0.58ns/pF 
0.66ns/pF 


7.99ns/pF 
5.75ns/pF 
2.05ns/pF 
3.24ns/pF 


Motis Model 


7-22 Sequential Cells 


Static D-Type Flip-Flop 


Positive edge triggered, positive level 
sample, positive synchronous preset. 


INPUTS 


Grids 21, Transistors 32 


Inputs 
D,SP,CKA,CKB,PD 


Outputs 
Q,QN 


Capacitances 


Area 
Perf 


Delay Information 


PD 


0.027pF 
0.102pF 


D 


0.029pF 
0.104pF 


SP 


0.057pF 
0.207pF 


CKA 


0.057pF 
0.065pF 


CKB 


0.029pF 
0.033pF 


FD1P3JX 


Truth Table 


| NEW | 
|Q_QN | 


0 1 
1 0 
1 0 
0 1 
1 0 


= Don't care 


Propagation Delay 


To 
Output 


2.05ns/pF 
3.24ns/pF 
7.99ns/pF 


5.75ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


CKB 


Sequential Cells 


| Area | __ Performance _ 
| Extrinsic _| Intrinsic | Extrinsic | Intrinsic | 


0.58ns/pF 
0.70ns/pF 
1.77ns/pF 
1.44ns/pF 


QN 


7-23 


static D-Type Flip-Flop FD1P3MX 


Positive edge triggered, positive level Truth Table 
sample, negative synchronous clear. 


Grids 21, Transistors 32 ra an | 

Inputs : ; : 

D,SP,CKA,CKB,CDN Xx xilo 
X xX 

Outputs x xX : 

Q,QN 

Capacitances 


D SP CKA CKB CDN 
Area | 0.029pF 0.058pF 0.057pF 0.029pF  0.027pF 
Perf | 0.104pF 0.208pF 0.065pF 0.033pF 0.102pF 


Delay Information 


Propagation Delay 


Input Setup 


Signal Time From To | Area | __—Performance 
Area__Perf. || input Output | Extrinsic | Intrinsic| Extrinsic _| intrinsic | 


2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 
7.99ns/pF 1.77ns/pF 
5.75ns/pF 1.44ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


SP 


CKB 


OUTPUTS | 
|D_ SP CK _CDN_ |Q_ QN | 


| TG > 
Pe Tape 
They 


QN 


7-24 Sequential Cells 


Static D-Type Flip-Flop FD1IS1A 


Positive level sense. Truth Table 


Grids 9, Transistors 10 


Inputs 
D,CK 


Outputs 
Q,QN 


Capacitances 


D CK 


Area 0.019pF 0.057pF 
Perf 0.020pF 0.065pF 


Delay Information 


Propagation Delay 


Performance 


7.93ns/pF 
5.88ns/pF 
2.18ns/pF 
3.24ns/pF 
7.93ns/pF 
3.24ns/pF 
6.14ns/pF 
2.38nSs/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Sequential Cells 


1.73ns/pF 
1.40ns/pF 
0.58ns/pF 
0.66ns/pF 
1.73ns/pF 
0.70ns/pF 
1.44ns/pF 
0.62ns/pF 


Static D-Type Flip-Flop 


Positive level sense, positive 
asynchronous preset. 
Grids 9, Transistors 12 


Inputs 
D,CK,PD 


Outputs 
Q,QN 


Capacitances 


Area 0.019pF 0.057pF 0.027pF 
Perf 0.020pF 0.065pF 0.102pF 


Delay Information 


_FD1S1B 


Truth Table 


Propagation Delay 
| Area | Performance 


12.82ns/pF 
5.88ns/pF 
2.18ns/pF 
6.47ns/pF 
12.75ns/pF 
6.41ns/pF 
6.14ns/pF 
2.44ns/pF 
6.01ns/pF 
2.31nS/pF 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-26 


2.75ns/pF 
1.44ns/pF 
0.62ns/pF 
1.31ns/pF 
2.71NS/pF 
1.36ns/pF 
1.48ns/pF 
0.62ns/pF 
1.44ns/pF 
0.58ns/pF 


Sequential Cells 


static D-Type Flip-Flop 


Positive level sense, positive 
asynchronous Clear. 


Grids 10, Transistors 14 


Inputs 
D,CK,CD 


Outputs 
Q,QN 


Capacitances 


D CK CD 


Area | 0.027pF 0.060pF 0.027pF 
Perf | 0.102pF 0.069pF 0.102pF 


Delay Information 


2.31NS/pF 
6.01ns/pF 
2.05ns/pF 
6.47ns/pF 
12.75ns/pF 
5.75ns/pF 
2.05ns/pF 
5.75ns/pF 
6.41ns/pF 
12.75ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


FD1S1D 


Truth Table 


| __ OUTPUTS | 
INPUTS OUTPUTS 
| Q__QN | 


0 1 
1 0 
0 1 
0 1 
1 0 


= Don't care 


Propagation Delay 


Performance 


0.58ns/pF 
1.44ns/pF 
0.58ns/pF 
1.36ns/pF 
2.75ns/pF 
1.44ns/pF 
0.58ns/pF 
1.40ns/pF 
1.36ns/pF 
2.75ns/pF 


Sequential Cells 


1-27 


Static D-Type Flip-Flop FD1S1E 


Positive level sense, negative Truth Table 


asynchronous Clear. 
OUTPUTS 
INPUTS | 
Grids 9, Transistors 12 sax ae ea Oe 
Inputs ‘ : : 
D,CK,CDN * xv hg 
0 xX | 0 
Outputs ; eis 
oan X = Don't care 
Capacitances 


D CK CDN 


Area 0.019pF 0.057pF 0.027pF 
Perf 0.020pF 0.065pF 0.102pF 


Delay Information 


Propagation Delay 
| Area | Performance 


7.93ns/pF 1.77ns/pF 


3.24ns/pF 
7.99ns/pF 
8.32ns/pF 
4.03ns/pF 
3.24ns/pF 
7.99ns/pF 
3.24ns/pF 
8.32ns/pF 
4.10ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-28 


CDN 


0.66ns/pF 
1.73ns/pF 
2.05ns/pF 
1.07ns/pF 
0.70ns/pF 
1.73ns/pF 
0.66ns/pF 
2.05ns/pF 
1.07ns/pF 


Sequential Cells 


static D-Type Flip-Flop FD1S1F 


Positive level sense, negative Truth Table 


asynchronous Clear, positive 
asynchronous preset. eres OUTPUTS 
[orp | NEW 
D CK PD CDN|@ GN/Q@ aN 


Grids 11, Transistors 14 


X 0 oO 1{0o 1 

see id CDN X 1 Of]1 0 

’ ’ ’ X Xx Xx 0 { 

Xx Xx xX {1 0 

Outputs - elas 

oo 1 Xx xX 11 0 
Capacitances X = Don't care 


D CK 
Area | 0.019pF 0.057pF 0.027pF  0.027pF 
Perf | 0.020pF 0.065pF 0.102pF _0.102pF 


Delay Information 


Propagation Delay 
| Area | Performance 


7.93ns/pF 1.77ns/pF 
3.24ns/pF 0.70ns/pF 
12.75ns/pF 2.71ns/pF 
8.32ns/pF 2.05ns/pF 
4.03ns/pF 1.07ns/pF 
6.47ns/pF 1.36ns/pF 
12.75ns/pF 2.75ns/pF 
6.47ns/pF 1.36ns/pF 
8.32ns/pF 2.05ns/pF 
4.16ns/pF 1.07ns/pF 
8.32ns/pF 2.05ns/pF 
4.03ns/pF 1.07ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
PD 


CK 


CDN 


Sequential Cells 7-29 


Static D-Type Flip-Flop FD1S1G 


Positive level sense, negative 
asynchronous preset. 


Truth Table 


Twpurs  |__OUuTPuTs 
oup [ NEw 
(CK PDN|@ aN|@ GN 


Grids 10, Transistors 14 


Inputs 


oO 1 

D,CK,PDN x x 
X xX 

Outputs Xx XxX 


Q,QN = Don't care 


Capacitances 


D CK PDN 


Area | 0.027pF 0.060pF  0.027pF 
Pert | 0.102pF 0.069pF 0.102pF 


Delay Information 


| Propagation Delay 


3.96ns/pF 
3.24ns/pF 
7.93ns/pF 
8.26ns/pF 
3.96ns/pF 
8.26ns/pF 
3.24ns/pF 
7.93ns/pF 
3.24ns/pF 
7.93ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-30 


PDN 


CK 


Performance 


1.07ns/pF 
0.70ns/pF 
1.73ns/pF 
2.05ns/pF 
1.07ns/pF 
2.01ns/pF 
0.66ns/pF 
1.77ns/pF 
0.66ns/pF 
1.77ns/pF 


QN 


Sequential Cells 


Static D-Type Flip-Flop 


Negative edge triggered. 


Grids 13, Transistors 18 


Inputs 
D,CKA,CKB 


Outputs 
Q,QN 


Capacitances 


D CKA CKB 


Area 0.018pF 0.056pF 0.029pF 
Perf 0.020pF 0.065pF 0.033pF 


Delay Information 


Setup 
Time 
Area Perf. 


0.58ns 0.64ns 
0.75ns 0.64ns 


FD1S2AX 


Truth Table 


= Don't care 


Propagation Delay 
| Area | ——Performance 


1.98ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 
7.93ns/pF 1.73ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


5.75ns/pF 1.40ns/pF 


Sequential Cells 


7-31 


static D-Type Flip-Flop FD1S2BX 


Negative edge triggered, positive Truth Table 
asynchronous preset. 


Grids 16, Transistors 22 


Inputs 
D,CKA,CKB,PD 


X 


Q,QN 


Capacitances 


D CKA CKB PD 


Area 0.019pF 0.057pF 0.029pF 0.059pF 
Perf 0.020pF 0.065pF 0.033pF 0.209pF 


Delay Information 


Setup 
Time 


0.87ns 0.75ns 
0.81ns 0.64ns 


From To 
Output 


Propagation Delay 
| Area ——s| Performance __— 


0.58ns/pF 
0.70ns/pF 
1.73ns/pF 
2.05ns/pF 
1.40ns/pF 
0.62ns/pF 


Intrinsic 


2.11ns/pF 
3.17ns/pF 
7.93ns/pF 
8.85ns/pF 
6.01ns/pF 
2.31ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-32 Sequential Cells 


Static D-Type Flip-Flop 


Negative edge triggered, positive 
asynchronous Clear, positive 
asynchronous preset. 

Grids 21, Transistors 28 


Inputs 
D,CKA,CKB,PDA,PDB,CD 


Outputs 
Q,QN 


Capacitances 


D CKA CKB 
Area | 0.019pF 0.057pF  0.028pF 
Perf | 0.020pF 0.065pF 0.032pF 


Delay Information 


To 
Output 


0.92ns 0.81Nns 
1.04ns 0.81ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
PDB 
PDA’ 


Sequential Cells 


PDA 


0.027pF 
0.102pF 


7.93ns/pF 
3.24ns/pF 


2.18ns/pF 
3.24ns/pF 
9.38ns/pF 
8.79ns/pF 
8.26ns/pF 
4.03ns/pF 


PDB 


0.027pF 
0.102pF 


Truth Table 


FD1S2CX 


OUTPUTS 


CD 


0.027pF 
0.102pF 


Propagation Delay 


Performance 


1.77ns/pF 
0.70ns/pF 
0.62ns/pF 
0.70ns/pF 
2.14ns/pF 
2.05ns/pF 
2.05ns/pF 
1.07ns/pF 


7-33 


Static D-Type Flip-Flop FD1S2DX 


Negative edge triggered, positive Truth Table 
asynchronous Clear. 


Grids 17, Transistors 24 


Inputs 
D,CKA,CKB,CD 


X = Don't care 


Outputs 
Q,QN 


Capacitances 


D CKA CKB CD 


Area | 0.027pF 0.060pF 0.029pF  0.059pF 
Perf | 0.102pF 0.069pF 0.033pF  0.209pF 


Delay Information 


Setup Propagation Delay 
Time | Area ——s|_—Performance 


Area Pert. 
0.98ns 0.69ns 2.31nS/pF 0.62ns/pF 
1.39ns 0.87ns 6.01ns/pF 1.40ns/pF 
7.93ns/pF 1.73ns/pF 
8.85ns/pF 2.05ns/pF 
2.11ns/pF 0.62ns/pF 
3.1/7ns/pF 0.70nSs/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-34 Sequential Cells 


static D-Type Flip-Flop FD1S2EX 


Negative edge triggered, negative Truth Table 
asynchronous Clear. 


Grids 16, Transistors 22 


Inputs 
D,CKA,CKB,CDN 


X = Don't care 


Outputs 
Q,QN 


Capacitances 


D CKA CKB CDN 


Area | 0.019pF 0.057pF 0.028pF  0.057pF 
Perf | 0.020pF 0.065pF 0.032pF _0.208pF 


Delay Information 


Setup 
Time 
Area Perf. 


0.64ns 0.64ns 
1.04ns 0.81ns 


| Area | __—Performance _ 
Intrinsic | Extrinsic | Intrinsic 


1.77ns/pF 
0.70ns/pF 
0.58ns/pF 
0.66ns/pF 
2.14ns/pF 
1.40ns/pF 


7.99ns/pF 
3.24ns/pF 
2.05ns/pF 
3.24ns/pF 
9.38ns/pF 
5.75ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Sequential Cells 7-35 


Static D-Type Flip-Flop FD1S2FX 


Negative edge triggered, negative Truth Table 
asynchronous Clear, positive 
asynchronous preset. OUTPUTS | 


Grids 19, Transistors 26 


Inputs 
D,CKA,CKB,PDA,PDB,CDN 


Outputs 
Q,QN 


Capacitances 


Area | 0.019pF 0.057pF 0.028pF 0.027pF 0.027pF  0.057pF 
Perf | 0.020pF 0.065pF 0.032pF 0.102pF 0.103pF 0.207pF 


Delay Information 


Propagation Delay 
| Area | Performance 


7.93ns/pF 
3.24ns/pF 
2.11Nns/pF 
3.24ns/pF 
9.38ns/pF 
8.72ns/pF 
8.26ns/pF 
4.03ns/pF 


From To 
Input 


Area Perf. 


0.92ns_ 0.81ns 
1.04ns 0.81ns 


1.77ns/pF 
0.70ns/pF 
0.58ns/pF 
0.70ns/pF 
2.14ns/pF 
2.05ns/pF 
2.05ns/pF 
1.07ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-36 Sequential Cells 


Static D-Type Flip-Flop FD1S2GX 
Negative edge triggered, negative Truth Table 
asynchronous preset. 
| OUTPUTS 
INPUTS en ea 
| Q_QN- 
1 0 
0 1 
1 0 


Grids 17, Transistors 24 


Inputs : . : 
D,CKA,CKB,PDN 1 Xx xX 
Outputs X = Don't care 

Q,QN 

Capacitances 


Area | 0.027pF 0.061pF 0.028pF 0.057pF 
Perf | 0.102pF 0.071pF 0.032pF 0.208pF 


Delay Information 


Setup Propagation Delay 
Time | Area ———s|_~——s~Performance__— 
Area__ Perf. | Extrinsic | Intrinsic | 


1.04ns 0.81ns 9.38ns/pF 2.14ns/pF 
1.16ns 0.75ns 5.75ns/pF 1.40ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.66ns/pF 
3.24ns/pF 0.70ns/pF 
7.99ns/pF 1.77ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Q 
7 aa 
Te “ 
PDN 
CKB 


Sequential Cells 7-37 


Static D-Type Flip-Flop | FD1S21X 


Negative edge triggered, positive Truth Table 


| OUTPUTS | 
INPUTS OLD 


synchronous Clear. 


Grids 18, Transistors 24 


Inputs 
D,CKA,CKB,CD 


~< 


Outputs = Don't care 


Q,QN 


Capacitances 


0.027pF 0.057pF 0.029pF 0.027pF 
Perf 0.102pF 0.065pF 0.033pF 0.102pF 


Delay Information 


Propagation Delay 
| Area ——s|_~——~Performance 


1.27ns 0.92ns 7.93ns/pF 1.73ns/pF 

1.33ns 0.92ns 5.75ns/pF 1.44ns/pF 

1.04ns 0.69ns 1.98ns/pF 0.58ns/pF 

1.44ns  0.87ns 3.24ns/pF 0.70ns/pF 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 
D 


N 
CD : 
CKA 
Q 
CKB 


7-38 Sequential Cells 


Static D-Type Flip-Flop FD1S2JX 


Negative edge triggered, positive Truth Table 


synchronous preset. 
INPUTS OUTPUTS 


Grids 16, Transistors 22 [D CK PD~ 
Inputs : i : x 
D,CKA,CKB,PD 4 | x |x 
Outputs X = Don't care 
Q,QN 

Capacitances 


Area | 0.027pF 0.058pF 0.028pF  0.027pF 
Pert | 0.102pF 0.066pF 0.032pF 0.102pF 


Delay Information 


Propagation Delay 
To | _—Area_~—s|_—~Performance __—i 
Output | Extrinsic | 


1.33ns 0.92ns 7.93ns/pF ; 1.73ns/pF 
1.16ns 0.75ns 5.75ns/pF 1.44ns/pF 
1.33ns 0.92ns 1.98ns/pF 0.58ns/pF 
1.16ns 0.75ns 3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
CKA: 
DN 
» 
hs N 
PD - Q 
Q 


CKB 


Sequential Cells 7-39 


Static D-Type Flip-Flop 


Negative edge triggered, negative 
synchronous Clear. 


Grids 15, Transistors 22 


Inputs 
D,CKA,CKB,CDN 


Outputs 
Q,QN 


Capacitances 


D CKA CKB CDN 


Area 0.027pF 0.058pF 0.028pF 0.027pF 
Perf 0.102pF 0.066pF 0.032pF 0.102pF 


Delay Information 


To 
Input Output 


= Don'tc 


0.98ns_ 0.75ns 7.93ns/pF 
1.44ns 0.92ns 5.75ns/pF 
0.98ns_ 0.75ns 2.05ns/pF 
1.44ns 0.92ns || CKL OQNT | 3.24ns/pF 


FD1S2MX 


Truth Table 


are 


Propagation Delay 


Performance 


1.73ns/pF 
1.44ns/pF 
0.58ns/pF 
0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


DN 
mT 


. Eee 
a 


CKB 


12 


CKN 
CKA v 


7-40 


| TG > | 
14] | 
QN > ' Q 
Drs +] > aN 


Q 


Sequential Cells 


Static D-Type Flip-Flop FD1S2NX 


Negative edge triggered, positive Truth Table 
asynchronous Clear, negative 
asynchronous preset. OUTPUTS 


Grids 20, Transistors 28 


Inputs 
D,CKA,CKB,PDNA,PDNB,CD 


Outputs 
Q,QN 


Capacitances 
D CKA CKB PDNA PDNB CD 


Area | 0.027pF 0.058pF 0.029pF 0.027pF 0.027pF  0.057pF 
Perf | 0.102pF 0.066pF 0.033pF 0.102pF 0.103pF 0.207pF 


Delay Information 


Setup 
Time 


Propagation Delay 
| Area | ~—Performance__| 


1.16ns 0.87ns 
1.44ns 0.98ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


CKA 


Sequential Cells 


2.25ns/pF 
6.01ns/pF 
9.31ns/pF 
8.85ns/pF 
2.11ns/pF 
3.24ns/pF 
6.47ns/pF 


12.75ns/pF 


0.58ns/pF 
1.40ns/pF 
2.14ns/pF 
2.05ns/pF 
0.58ns/pF 
0.70ns/pF 
1.36ns/pF 
2.75ns/pF 


QN 


1-41 


Static D-Type Flip-Flop FD1S20X_ 


Negative edge triggered, positive Truth Table 

synchronous Clear, positive synchronous 

preset. OUTPUTS 

INPUTS | 

é : | OLD | 

Grids 19, Transistors 26 

Inputs 

D,CKA,CKB,PD,CD 

Outputs 

Q,QN 


Capacitances 


D CKB PD CD 
Area 0.027pF 0.057pF 0.029pF 0.027pF 0.027pF 
Pert 0.102pF 0.065pF 0.033pF 0.102pF 0.102pF 


Delay Information 


To | Area__——|_—_—Performance __ 
| Extrinsic | Intrinsic | Extrinsic _| Intrinsic. 


Output 
7.93nNS/pF 1.73ns/pF 


5.75ns/pF 1.44ns/pF 
1.98ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
B 


N76 
CDN iN. = 


7-42 Sequential Cells 


Static D-Type Flip-Flop 


Positive edge triggered. 


Grids 13, Transistors 18 


Inputs 
D,CKA,CKB 


Outputs 
Q,QN 


Capacitances 


D CKA CKB 


Area 0.019pF 0.056pF 0.028pF 
Perf 0.020pF 0.065pF 0.032pF 


Delay Information 


Setup 
Time 
| Area Perf. | 


0.58ns 0.64ns 
0.81ns 0.64ns 


FD1S3AX 


Truth Table 


| _ OUTPUTS 
INPUTS ae 
(D CK/Q QN| 
T 1X xX 
T |X xX 


= Don't care 


| NEW 
|Q GN 
0 1 


Propagation Delay 


Performance 


1.98ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 
7.93ns/pF 1.73ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


5.75ns/pF 1.40ns/pF 


Sequential Cells 


Static D-Type Flip-Flop 


Positive edge triggered, positive 
asynchronous preset. 


Grids 16, Transistors 22 


INPUTS 


Inputs ‘ : 

D,CKA,CKB,PD 1 

Outputs X = Don't care 

Q,QN 

Capacitances 

Area | 0.019pF 0.057pF 0.028pF 0.057pF 

Perf 0.020pF 0.065pF 0.032pF 0.208pF 

Delay Information 
Setup Propagation Delay 
Time From To | Area 


0.87ns 0.75ns 
0.81ns 0.64ns 


Input Output 


2.18ns/pF 
3.24ns/pF 
7.93ns/pF 
8.85ns/pF 
6.01ns/pF 
2.31ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Truth Table 


| OUTPUTS | 
| OLD | NEW | 
/Q_ QN | 


0.62ns/pF 
0.70ns/pF 
1.73ns/pF 
2.01ns/pF 
1.40ns/pF 
0.62ns/pF 


Performance 


FD1S3BX 


7-44 


Sequential Cells 


Static D-Type Flip-Flop 


Positive edge triggered, positive 
asynchronous Clear, positive 
asynchronous preset. 


Grids 21, Transistors 28 


Inputs 
D,CKA,CKB,PDA,PDB,CD 


Outputs 
Q,QN 


Capacitances 


Delay Information 


0.92ns 0.81ns 
1.04ns 0.81ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


PDB 
PDA 


CKA 


CD 


CKB 


Sequential Cells 


0.027pF 


Area | 0.019pF 0.057pF 0.029pF 
Perf | 0.020pF 0.065pF 0.033pF 0.102pF 


INPUTS 


Truth Table 


OUTPUTS 


OLD 


[D_ CK PD CD|Q_ ON | 


7.93ns/pF 
3.24ns/pF 
2.18ns/pF 
3.24ns/pF 
9.38ns/pF 
8.72ns/pF 
8.26ns/pF 
4.03ns/pF 


0.027pF 
0.102pF 


0.027pF 
0.102pF 


X xX 
X xX 
X xX 
X xX 


Propagation Delay 


Performance 


1.77ns/pF 
0.70ns/pF 
0.62ns/pF 
0.70ns/pF 
2.10ns/pF 
2.01ns/pF 
2.05ns/pF 
1.07ns/pF 


FD1S3CX 


static D-Type Flip-Flop FD1S3DX 


Positive edge triggered, positive Truth Table 


asynchronous clear. 
OUTPUTS 
ee | OLDe || 
OLD 


| NEW | 

|Q QN|Q_ aN 
0 1 
0 1 
1 0 


Grids 17, Transistors 24 


|D CK CD | 
D,CKA,CKB,CD 1 fT Oo |X xX 
Outputs X = Don't care 
Q,QN 
Capacitances 


D CKA CKB CD 


Area | 0.027pF 0.061pF 0.028pF  0.057pF 
Pert | 0.102pF 0.070pF 0.032pF 0.208pF 


Delay Information 


Input 
Signal Time From | Area | —sPerformance | 
Name | Area Perf. || Input Intrinsic | Extrinsic | Intrinsic. 
0.98ns 0.69ns 2.31ns/pF 0.58ns/pF 
1.39ns 0.87ns 6.01ns/pF 1.40ns/pF 
7.93ns/pF 1.73ns/pF 
8.85ns/pF 2.01ns/pF 
2.18ns/pF 0.62ns/pF 
3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
CD 


7-46 Sequential Cells 


static D-Type Flip-Flop FD1S3EX 


Positive edge triggered, negative Truth Table 
asynchronous Clear. 


Grids 16, Transistors 22 


Inputs 
D,CKA,CKB,CDN 


X = Don't care 


Outputs 
Q,QN 


Capacitances 


D CKA CKB CDN 


Area 0.019pF 0.057pF 0.029pF 0.059pF 
Perf 0.020pF 0.065pF 0.033pF 0.209pF 


Delay Information 


Setup 
Time 
Area Perf. 


0.64ns 0.64ns 
1.04ns 0.81ns 


Propagation Delay 
| Area |__—~Performance__| 


1.77ns/pF 
0.70ns/pF 
0.58ns/pF 
0.70ns/pF 
2.14ns/pF 
1.40ns/pF 


7.99ns/pF 
3.24ns/pF 
2.05ns/pF 
3.24ns/pF 
9.38ns/pF 
5.68ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
CDN 


Sequential Cells 7-47 


Static D-Type Flip-Flop 


Positive edge triggered, negative 
asynchronous Clear, positive 
asynchronous preset. 


Grids 19, Transistors 26 


Inputs 
D,CKA,CKB,PDA,PDB,CDN 


Outputs 
Q,QN 


Capacitances 


0.057pF  0.029pF 


0.027pF 


0.027pF 


FD1S3FX 


Truth Table 


| OUTPUTS | 


0.057pF 


D 
Area 0.019pF 
Perf 0.020pF 
Delay Information 
Setup 
Time To 
Area Perf. Output 


0.92ns 0.81Nns 
1.04ns 0.81ns 


0.065pF 0.033pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


0.102pF 


7.93ns/pF 
3.24ns/pF 
2.25ns/pF 
3.30ns/pF 
9.38ns/pF 
8.79ns/pF 
8.32ns/pF 


4.03ns/pF | 


0.103pF 


0.207pF 


Propagation Delay 


Performance 


1.77ns/pF 
0.70ns/pF 
0.62ns/pF 
0.70ns/pF 
2.14ns/pF 
2.01ns/pF 
2.05ns/pF 
1.07ns/pF 


Sequential Cells 


static D-Type Flip-Flop FD1S3GX 


Positive edge triggered, negative Truth Table 
asynchronous preset. 


OUTPUTS 

INPUTS 
Grids 17, Transistors 24 = 
Inputs . : 
D,CKA,CKB,PDN 2 
Outputs 
Q,QN 
Capacitances 


D CKA CKB PDN 


Area 0.027pF 0.060pF 0.029pF 0.059pF 
Perf 0.102pF 0.070pF 0.033pF 0.209pF 


Delay Information 


Setup Propagation Delay 
Time To | Area—s|_——Performance 


Area Perf. Output 

1.04ns 0.81ns 9.38ns/pF 2.14ns/pF 

1.16ns 0.75ns 5.68ns/pF 1.40ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 
3.24ns/pF 0.70ns/pF 
7.99ns/pF 1.77ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


PDN 


Sequential Cells 7-49 


static D-Type Flip-Flop FD1S31X 


Positive edge triggered, positive Truth Table 
synchronous Clear. 


Grids 18, Transistors 24 


Inputs 
D,CKA,CKB,CD 


Outputs X = Don't care 
Q,QN 


Capacitances 


Area | 0.027pF 0.057pF 0.028pF 0.027pF 
Pert | 0.102pF 0.065pF 0.033pF _0.102pF 


Delay Information 


Propagation Delay 
| Area ——s|~——s~Performance__—i 


1.27ns 0.92ns 7.93ns/pF 1.77ns/pF 

1.33ns 0.92ns 5.81ns/pF 1.40ns/pF 

1.04ns 0.69ns 2.05ns/pF 0.58ns/pF 

1.44ns 0.87ns 3.24ns/pF | - 0.66ns/pF 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 
D 
102 QN 
CDN DN =. 

= > BD; | TG > e. | TG > > QN 
CKA > | ° 

Lo : 
CKB 


7-50 Sequential Cells 


Static D-Type Flip-Flop FD1S3JUX 


Positive edge triggered, positive Truth Table 
synchronous preset. 


INPUTS OUTPUTS 
Grids 16, Transistors 22 eK PD | 
Inputs T 1 
D,CKA,CKB,PD 
Outputs X = Don't care 
Q,QN 


Capacitances 


Area | 0.027pF 0.058pF 0.028pF 0.027pF 
Perf | 0.102pF 0.066pF 0.033pF 0.102pF 


Delay Information 


Setup Propagation Delay 
Time To {| Area —s|_~—s~Performance 
Output | Extrinsic | | Extrinsic _| Intrinsic | 


0.92ns 7.93ns/pF 1.77ns/pF 
0.75ns 5.75ns/pF 1.40ns/pF 
0.92ns 2.05ns/pF 0.58ns/pF 
0.75ns 3.24ns/pF 0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


DN ae LS ape 
a ) >» > TL > QN 
St te 


= faa 
- | 7 Q 
ies i 
Q 


CKB 


Sequential Cells 7-51 


static D-Type Flip-Flop FD1S3KX 


Positive edge triggered, negative 
asynchronous Clear, negative 
asynchronous preset. 


Truth Table 


OUTPUTS 


INPUTS 
Grids 22, Transistors 30 
Inputs : ‘ ‘ 
D,CKA,CKB,PDNA,PDNB,CDN 0 
st uts : = Don't care 
Capacitances 


PDNA 


0.027pF 
0.102pF 


PONB 


0.027pF 
0.102pF 


0.057pF 
0.065pF 


0.028pF 
0.032pF 


0.027pF 
0.102pF 


D 
Area | 0.027pF 
Perf | 0.102pF 
Delay Information 


Propagation Delay 


From To 
Area Perf. Input Output 


1.16ns 0.87ns 
1.44ns 0.92ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


2.05ns/pF 
5.75ns/pF 


9.38ns/pF 
8.79ns/pF 
2.25ns/pF 
3.24ns/pF 
6.47ns/pF 
12.75ns/pF 


0.53ns/pF 
1.36ns/pF 
2.10ns/pF 
2.05ns/pF 
0.62ns/pF 
0.70ns/pF 
1.36ns/pF 
2.79ns/pF 


rel Lig> Q QN 
a> + oe 
hed 


7-52 Sequential Cells 


Static D-Type Flip-Flop 


Positive edge triggered, negative 
synchronous preset. 
Grids 18, Transistors 24 


Inputs 
D,CKA,CKB,PDN 


Outputs 
Q,QN 


Capacitances 


Area | 0.027pF 0.057pF 0.029pF 
Perf | 0.102pF 0.065pF 0.033pF 


Delay Information 


1.39ns 0.87ns 
1.21ns 0.75ns 
1.10ns 0.87ns 
1.73ns  1.10ns 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 
PD 
PDN ae ° 
D 
CKA 
CKB 


Sequential Cells 


0.027pF 
0.102pF 


7.93ns/pF 
5.81ns/pF 
2.05ns/pF 
3.24ns/pF 


FD1S3LX 


Truth Table 
| OLD | NEW | 
|Q_QN| 
1 0 
0 1 
1 0 


X XxX 
X XxX 
X XxX 


X = Don't care 


Propagation Delay 


Performance 


1.77ns/pF 
1.40ns/pF 
0.58ns/pF 
0.66ns/pF 


QN 


1-53 


static D-Type Flip-Flop | FD1S3MX 


Positive edge triggered, negative Truth Table 
synchronous Clear. 


Grids 15, Transistors 22 


Inputs 
D,CKA,CKB,CDN 


X = Don't care 


Outputs 
Q,QN 


Capacitances 


D CKA CKB CDN 


Area | 0.027pF 0.058pF 0.028pF  0.027pF 
Pert | 0.102pF 0.066pF 0.032pF 0.102pF 


Delay Information 


Setup Propagation Delay 
Time To | _— Areas |__—s~Performance 


Perf. || Input Output 


0.98ns 0.75ns 7.93ns/pF 1.73ns/pF 
1.44ns 0.92ns 5.75ns/pF 1.44ns/pF 
0.98ns 0.75ns 2.05ns/pF 0.58ns/pF 
1.44ns 0.92ns}} CKT QNT | 3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


. 
D 7 a 
re] 


CKA ° we Ie Q 
Ba Re et cca 


7-54 Sequential Cells 


Static D-Type Flip-Flop 


Positive edge triggered, negative 
synchronous preset. 


Grids 18, Transistors 24 


Inputs 
D,CKA,CKB,PDN 


Outputs 
Q,QN 


Capacitances 


0.027pF 
0.102pF 


0.057pF 
0.065pF 


0.029pF 
0.033pF 


Area 
Perf 


Delay Information 


To 
Output 


0.87ns 
0.75ns 
1.10ns 0.87ns 
1.73ns  1.10ns 


VDD=5V, T=25°C, Nominal Process. 


1.21ns 


Motis Model 
PD 


PDN 


CKB 


Sequential Cells 


FD1S3LX 


Truth Table 


OUTPUTS 


OLD | NEW 
/Q_ QN | 

1 0 

0 1 

1-30 


X xX 
X xX 
X XxX 


X = Don't care 


0.027pF 
0.102pF 


| Areas |_—Performance 
| Extrinsic | Intrinsic | Extrinsic _| intrinsic 
1.77ns/pF 
1.40ns/pF 
0.58ns/pF 
0.66ns/pF 


7.93ns/pF 
5.81ns/pF 
2.05ns/pF 
3.24ns/pF 


i. on 


7-55 


Static D-Type Flip-Flop FD1S3MX 


Positive edge triggered, negative Truth Table 
synchronous Clear. 


Grids 15, Transistors 22 


Inputs 
D,CKA,CKB,CDN 


x 


= Don't care 


Outputs 
Q,QN 


Capacitances 


D CKB CDN 


Area 0.027pF 0.058pF 0.028pF 0.027pF 
Perf 0.102pF 0.066pF 0.032pF  0.102pF 


Delay Information 


Propagation Delay 
| Area |_—sPerformance 


0.98ns 0.75ns 7.93ns/pF . 1.73ns/pF 
1.44ns 0.92ns 5.75ns/pF 1.44ns/pF 
0.98ns_ 0.75ns 2.05ns/pF 0.58ns/pF 
1.44ns 0.92ns 3.24ns/pF ; 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
2 


Pa F 7 : 
aca i Mg 


7-56 Sequential Cells 


Static D-Type Flip-Flop FD1S3NX 


Positive edge triggered, positive Truth Table 
asynchronous clear, negative 


asynchronous preset. OUTPUTS 
pete ORDA 
OLD 


Grids 20, Transistors 28 


Inputs : : 

D,CKA,CKB,PDNA,PDNB,CD 0 4 
1  O 

Outputs 

Q,QN 


Capacitances 


CKB PDNA PDNB 


0.027pF 0.060pF 0.028pF 0.027pF 0.027pF  0.057pF 
0.102pF 0.071pF 0.032pF 0.102pF 0.103pF 0.207pF 


Delay Information 


Setup 
Time 


| Area |__—~Performance _ 
| Extrinsic_| Intrinsic | Extrinsic | Intrinsic 


1.10ns 0.87ns 2.25ns/pF 0.58ns/pF 
1.44ns 0.92ns 6.01ns/pF 1.40ns/pF 
9.31ns/pF 2.10ns/pF 
8.79ns/pF 2.05ns/pF 
2.18ns/pF 0.62ns/pF 


3.24ns/pF 
6.47ns/pF 
12.75ns/pF 


0.70ns/pF 
1.36ns/pF 
2.75ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


QN 


Sequential Cells 7-57 


static D-Type Flip-Flop FD1S30X 


Positive edge triggered, positive Truth Table 
synchronous Clear, positive synchronous 


preset. OUTPUTS | 


Grids 19, Transistors 26 


Inputs 
D,CKA,CKB,PD,CD 


Outputs 
Q,QN 


Capacitances 


D CKA CKB PD CD 


Area 0.027pF 0.057pF 0.028pF 0.027pF 0.027pF 
Perf 0.102pF 0.065pF 0.033pF 0.102pF 0.102pF 


Delay Information 


To | Area_——|___—s~Performance __—| 
| Extrinsic _| intrinsic | Extrinsic _| Intrinsic 


Output 
7.93ns/pF ; 1.77ns/pF 
5.81ns/pF 1.40ns/pF 
2.05ns/pF 0.58ns/pF 
3.24nS/pF : 0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


DN 
es 
PD 
CDN 


CKB 


7-58 Sequential Cells 


static D-Type Flip-Flop FD1S5A 


Negative level sense. Truth Table 


Grids 9, Transistors 10 


Inputs 
D,CK 


Outputs 
Q,QN 


Capacitances 


D CK 


Area 0.019pF 0.057pF 
Perf 0.020pF 0.065pF 


Delay Information 


Propagation Delay 
| Area] SS Peerformance 


7.93ns/pF 1.73ns/pF 
5.88ns/pF 1.44ns/pF 
2.11Ns/pF 0.62ns/pF 
3.24ns/pF 0.70ns/pF 
7.93ns/pF 1.73ns/pF 
3.24ns/pF 0.66ns/pF 
6.14ns/pF 1.48ns/pF 
2.44ns/pF 0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Sequential Cells 7-59 


static D-Type Flip-Flop FD1S5B 


Negative level sense, positive Truth Table 
asynchronous preset. 


OLD 
Grids 9, Transistors 12 |D CK PD/Q QN/Q QN| 
Inputs ; 
D,CK,PD 1 
0 
Outputs 1 
Q,QN 


Capacitances 


D CK PD 


Area | 0.019pF 0.057pF  0.027pF 
Perf | 0.020pF 0.065pF 0.102pF 


Delay Information 


Propagation Delay 


Performance 


12.75ns/pF 2.71ns/pF 
5.88ns/pF 1.44ns/pF 
2.11ns/pF 0.58ns/pF 
6.47ns/pF 1.36ns/pF 
12.75ns/pF 2./71ns/pF 
6.41ns/pF 1.36ns/pF 
6.14ns/pF 1.48ns/pF 
2.44ns/pF 0.62ns/pF 
6.01ns/pF 1.44ns/pF 
2.31ns/pF 0.58ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-60 Sequential Cells 


Static D-Type Flip-Flop 


Negative level sense, positive 
asynchronous Clear. 


Grids 10, Transistors 14 


Inputs 
D,CK,CD 


Outputs 
Q,QN 


Capacitances 


Area 0.027pF 0.060pF 0.027pF 
Perf 0.102pF 0.070pF 0.102pF 


Delay Information 


2.31ns/pF 
6.01ns/pF 
1.98ns/pF 
6.47ns/pF 
12.75ns/pF 
5.75ns/pF 
2.05ns/pF 
5.75ns/pF 
6.41ns/pF 
12.75ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


FD1S5D 


Truth Table 


OLD | NEW | 
}/D_ CK CD | | Q__QN | 


}Q__QN | 
0 1 
1 0 
X Xx 
X Xx 
XX 


0 1 
1 0 
0 1 
0 1 
1 0 


= Don't care 


Propagation Delay 


Performance 


0.58ns/pF 
1.44ns/pF 
0.58ns/pF 
1.36ns/pF 
2.71ns/pF 
1.40ns/pF 
0.58ns/pF 
1.40ns/pF 
1.36ns/pF 
2./5ns/pF 


Sequential Cells 


Static D-Type Flip-Flop 


Negative level sense, negative 
asynchronous Clear. 
Grids 9, Transistors 12 


Inputs 
D,CK,CDN 


Outputs 
Q,QN 


Capacitances 


D CK CDN 


Area | 0.019pF 0.057pF  0.027pF 
Perf | 0.020pF 0.065pF 0.102pF 


Delay Information 


7.93ns/pF 
3.24ns/pF 
7.93ns/pF 
8.32ns/pF 
4.03ns/pF 
3.24ns/pF 
7.99ns/pF 
3.24ns/pF 
8.32ns/pF 
4.10ns/pF 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 


CDN 


CK 


7-62 


0 
1 

X 
X 
X 


= Don't care 


Propagation Delay 


1.77ns/pF 
0.66ns/pF 
1.73ns/pF 
2.05ns/pF 
1.07ns/pF 
0.70ns/pF 
1.73ns/pF 
0.66ns/pF 
2.05ns/pF 
1.07ns/pF 


FD1S5E 


Truth Table 


| INPUTS 


OUTPUTS 


| OLD | NEW 
/Q_QN_ 


1 0 
0 1 
X | 0 
X | 0 
X 1 


Performance 


Sequential Cells 


Static D-Type Flip-Flop 


Negative level sense, negative 
asynchronous Clear, positive 
asynchronous preset. 


Grids 11, Transistors 14 


Inputs 
D,CK,PD,CDN 


Outputs 
Q,QN 


Capacitances 
D CK 
0.019pF  0.057pF 


PD 
0.027pF 


INPUTS 


= Don't care 


0.027pF 


Area 
Perf | 0.020pF 0.065pF 


Delay Information 


0.102pF 


0.102pF 


FD1S5F 


Truth Table 


OUTPUTS 


Propagation Delay 
| Area |S Peerformance 


7.93ns/pF 
3.24ns/pF 
12.75ns/pF 
8.26ns/pF 
4.03ns/pF 
6.47ns/pF 
12.75ns/pF 
6.47ns/pF 
8.32ns/pF 
4.16ns/pF 
8.32ns/pF 
4.03ns/pF 


VDD=5V, T=25°C, Nominal Process. 
Motis Model 


PD 


CDN 


Sequential Cells 


1.77ns/pF 
0.70ns/pF 
2.75ns/pF 
2.05ns/pF 
1.07ns/pF 
1.36ns/pF 
2.75ns/pF 
1.36ns/pF 
2.05ns/pF 
1.07ns/pF 
2.05ns/pF 
1.07ns/pF 


Static D-Type Flip-Flop FD1S5G 


Negative level sense, negative 
asynchronous preset. 


Truth Table 


| OLD | | NEW | 
[D_ CK PDN|Q QN/|Q_ QN_ 


Grids 10, Transistors 14 


Inputs : : 

D,CK,PDN 1 0 
oO 1 

Outputs 1 0 

Q,QN 

Capacitances 


Area | 0.027pF 0.060pF  0.027pF 
Pert | 0.102pF 0.070pF 0.102pF 


Delay Information 


Propagation Delay 


3.96ns/pF 
3.17ns/pF 
7.93ns/pF 
8.19ns/pF 
3.96ns/pF 
8.26ns/pF 
3.24ns/pF 
7.93nS/pF 
3.24ns/pF 
7.93ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-64 


PDN 


CK 


1.07ns/pF 
0.66ns/pF 
1.73ns/pF 
2.01ns/pF 
1.07ns/pF 
2.01ns/pF 
0.66ns/pF 
1.77ns/pF 
0.66ns/pF 
1.77ns/pF 


Performance 


Sequential Cells 


static D-Type Flip-Flop FD2N1A 


Master-Slave clocking, negative level Truth Table 
sample. 


OUTPUTS 


INPUTS 
Grids 20, Transistors 28 D SPN MCK  SCK 
Inputs t 
D,SPN,MCK,SCK T 
A 


Outputs 
Q,QN 


Capacitances 


D SPN MCK SCK 


Area | 0.019pF 0.057pF 0.058pF  0.057pF 
Perf | 0.058pF 0.208pF 0.066pF  0.065pF 


Delay Information 


Propagation Delay 
| Areas] =~ Performance _— 
Input___ Output | Extrinsic |Intrinsic| Extrinsic | Intrinsic | 


1.10ns 0.87ns} SCKT QJ _ | 7.99ns/pF 1.73ns/pF 
139ns 0.92ns}| SCKT QT _ | 5.75ns/pF 1.40ns/pF 
1.39ns 1.10ns}| SCKT OQN J | 2.05ns/pF 0.58ns/pF 
156ns 1.16ns}| SCKT OQNT | 3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Spo 


MCK: 


SCK 


Sequential Cells 7-65 


static D-Type Flip-Flop FD2N1J 


Master-Slave clocking, negative level Truth Table 


sample, positive synchronous preset. 
INPUTS OUTPUTS 


; OL 
Grids 23, Transistors 34 D SPN MCK SCK PD 
Inputs : 

D,SPN,MCK,SCK,PD x 

0 
Outputs 4 
Q,QN X 


= Don't care 


Capacitances 


D SPN MCK PD 
Area | 0.029pF 0.057pF 0.057pF 0.057pF 0.027pF 
Pert | 0.104pF 0.208pF 0.065pF 0.065pF 0.102pF 


Delay Information 


Propagation Delay 
| Area—s|__—~Performance__| 


1.85ns_ 1. 1.98ns/pF 0.58ns/pF 
1.56ns 1. 3.24ns/pF 0.66ns/pF | 0.93ns 
1.85ns_ 1. 7.99ns/pF 1.73ns/pF 
1.39ns_ 0. 5.81ns/pF 1.40ns/pF 
1.79ns 
2.20ns 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 


SPN 


7-66 | Sequential Cells 


static D-Type Flip-Flop FD2N1M 


Master-Slave clocking, negative level Truth Table 


sample, negative synchronous clear. 
INPUTS OUTPUTS 


OLD | NEW | 
|Q_QN | 
1 


Grids 23, Transistors 34 


Inputs 
D,SPN,MCK,SCK,CDN 


Outputs 


X 
X 
X 
0 
1 
Q,QN 


= Don't care 


Capacitances 


| D SPN MCK SCK CDN 
Area | 0.027pF 0.057pF 0.057pF 0.057pF 0.027pF 
Perf | 0.102pF 0.207pF 0.065pF 0.065pF 0.102pF 


Delay Information 


Propagation Delay 


Performance 


2.05ns/pF 0.58ns/pF 


3.24ns/pF 0.66ns/pF 
7.99ns/pF 1.73ns/pF 
5.81ns/pF 1.40ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Q 
QN 
MCK ae. : 

SCK > 


Sequential Cells 7-67 


ie Sk 


Static D-Type Flip-Flop FD2P1A 


Master-Slave clocking, positive level Truth Table 
sample. | 


OUTPUTS 


Grids 20, Transistors 28 


Inputs 
D,SP,MCK,SCK 


Outputs 
Q,QN 


Capacitances 


Area 0.019pF 0.057pF 0.058pF 0.057pF 
Perf 0.058pF 0.207pF 0.066pF 0.065pF 


Delay Information 


From | Area ——s|_—sSPerformance__— 
Area Perf. || Input Intrinsic | Extrinsic _| Intrinsic | 
1.10ns 0.87ns 
1.39ns 0.92ns 
1.39ns 1.04ns 
1.62ns 1.16ns 
VDD=5V, T=25°C, Nominal Process. 


7.99ns/pF 
5.75ns/pF 
2.05ns/pF 
3.24ns/pF 


1.73ns/pF 
1.40ns/pF 
0.58ns/pF 
0.70ns/pF 


Motis Model 


MCK 


SCK 


7-68 Sequential Cells 


static D-Type Flip-Flop FD2P1J 


Master-Slave clocking, positive level Truth Table 
sample, positive synchronous preset. 


sites | OUTPUTS | 
| | oup [NEw 
Grids 23, Transistors 34 D SP MCK SCK PD|Q QN|Q_ aN| 
Inputs : 
D,SP,MCK,SCK,PD X 1 0 
0 Oo 1 
Outputs 1 1 0 
Q,QN X = Don't care 
Capacitances 


D SP MCK SCK PD 
Area | 0.029pF 0.057pF 0.057pF 0.057pF 0.027pF 
Perf | 0.104pF 0.207pF 0.065pF 0.065pF 0.102pF 


Delay Information 


Propagation Delay 
| Area |__—Performance 


1.98ns/pF 0.58ns/pF 
3.24ns/pF 0.66ns/pF 
7.99ns/pF 1.73ns/pF 
5.81ns/pF 1.40ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


MCK ie ° 


SCK O 


Sequential Cells 7-69 


static D-Type Flip-Flop FD2P1M 


Master-Slave clocking, positive level Truth Table 
sample, negative synchronous clear. 


OUTPUTS 


INPUTS | 
Grids 23, Transistors 34 Se Se oor oe 
Inputs ’ ; : : ; 
D,SP,MCK,SCK,CDN xX YX Xx X10 
Outputs ; : : ; 
Q,QN X = Don't care 
Capacitances 


D 


Area | 0.027pF 0.057pF 0.057pF 0.057pF 0.027pF 
Perf | 0.102pF 0.207pF__0.065pF__0.065pF__0.102pF 


Propagation Delay 
| Area —s|_~—~Performance__— 


2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.66ns/pF 
7.99ns/pF 1.73ns/pF 
5.81ns/pF 1.40ns/pF 


Input 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


VV 
Es 
gle" fe 


SCK i 0 


7-70 Sequential Cells 


static D-Type Flip-Flop FD2S1A 


Master-Slave clocking. Truth Table 
OUTPUTS 

. . | OLD | NEW | 
Grids 14, Transistors 20 -Q QN|[Q = QN| 
Inputs ' ‘ ‘ 
D,MCK,SCK X = Don't care 
Outputs 
Q,QN 
Capacitances 


D MCK SCK 


Area 0.018pF 0.056pF 0.056pF 
Perf 0.020pF 0.064pF 0.065pF 


Delay Information 


Propagation Delay 
| Area ———s|_~——s#Peerformance 


0.58ns/pF 
0.70ns/pF 
1.73ns/pF 
1.40ns/pF 


Setup 
Time 
Area Pert. 


0.58ns 0.64ns 
0.75ns 0.64ns 


1.98ns/pF 
3.24ns/pF 
7.99ns/pF 
5.75ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


SCK 


Sequential Cells | 7-71 


Static D-Type Flip-Flop FD2S1B 


Master-Slave clocking, positive Truth Table 
asynchronous preset. 


Grids 17, Transistors 24 


Inputs 
D,MCK,SCK,PD 


Outputs X = Don't care 


Q,QN 


Capacitances 


Area | 0.019pF 0.056pF 0.059pF  0.057pF 
Perf | 0.020pF 0.065pF 0.068pF 0.207pF 


Delay Information 


Propagation Delay 
To | Area_——|__—~Performance 
Area__ Pert. Output | Extrinsic | intrinsic | Extrinsic | Intrinsic | - 


0.87ns 0.81ns 6.01ns/pF 1.40ns/pF 
0.87ns 0.69ns . 2.25ns/pF 0.58ns/pF 
2.11ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 
7.93ns/pF | 1.73ns/pF 
8.79ns/pF 2.05ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-72 Sequential Cells 


Static D-Type Flip-Flop 


Master-Slave clocking, positive 
asynchronous Clear, positive 
asynchronous preset. 


Grids 20, Transistors 30 


Inputs 
D,MCK,SCK,PDA,PDB,CD 


Outputs 
Q,QN 


Capacitances 


0.057pF  0.057pF 


FD2S1CX 


Truth Table 


OUTPUTS 


INPUTS 


D MCK SCK PD CD 
X 


X 
X 
0 
1 

X 


= Don't care 


0.027pF 0.027pF 0.027pF 


D 
Area | 0.028pF 
Perf | 0.031pF 


Delay Information 


0.065pF  0.065pF 


Area Perf. 


0.92ns_ 0.75ns 
1.10ns 0.75ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


PDB 
PDA 


acm 
| os> 


CD Pe . 
CDN 


0.102pF 0.102pF 0.102pF 


Propagation Delay 


Performance 


7.99ns/pF 1.73ns/pF 


3.24ns/pF 


8.32ns/pF 
4.03ns/pF 
2.11ns/pF 
3.24ns/pF 
9.45ns/pF 
8.72ns/pF 


ie a et 


Sequential Cells 


0.66ns/pF 
2.01ns/pF 
1.07ns/pF 
0.62ns/pF 
0.70ns/pF 
2.14ns/pF 
2.01ns/pF 


7-73 


Static D-Type Flip-Flop | FD2S1D 


Master-Slave clocking, positive Truth Table 
asynchronous Clear. 


Grids 18, Transistors 26 


Inputs 
D,MCK,SCK,CD 


Outputs X = Don't care 


Q,QN 


Capacitances 


0.028pF 0.057pF 0.059pF  0.057pF 
Perf | 0.103pF 0.065pF 0.068pF  0.207pF 
Delay Information 


Input Setup 
Signal Time | Areas |_—~Performance | 
Name | Area ___ Pert. | Extrinsic | Intrinsic | 
0.98ns 0.69ns 2.25ns/pF 0.58ns/pF 
1.39ns 0.92ns 6.01ns/pF 1.40ns/pF 
7.93ns/pF 1.73ns/pF 
8.79ns/pF 2.05ns/pF 
2.11Ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-74 Sequential Cells 


Static D-Type Flip-Flop FD2S1E 


Master-Slave clocking, negative Truth Table 
asynchronous Clear. | 


OUTPUTS 
ae 
0 1 
0 1 
1 0 


Grids 17, Transistors 24 


Inputs 
D,MCK,SCK,CDN 


~x< 
Hl 


Outputs Don't care 


Q,QN 


Capacitances 


Area 0.019pF 0.056pF 0.059pF 0.057pF 
Pert 0.020pF 0.065pF 0.068pF 0.207pF 
Delay Information 


Setup Propagation Delay 
Time | Areas |__—~Performance 
Area Perf. | Extrinsic | Intrinsic 


0.64ns 0.69ns 7.93ns/pF 1.77ns/pF 
1.04ns 0.81ns 3.24ns/pF 0.70ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 
9.45ns/pF 2.14ns/pF 
5.68ns/pF 1.40ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Sequential Cells 7-75 


Static D-Type Flip-Flop 


Master-Slave clocking, negative 
asynchronous Clear, positive 
asynchronous preset. 


INPUTS 


D MCK SCK PD _ CDN 
X 


Grids 19, Transistors 28 


Inputs : 
D,MCK,SCK,PDA,PDB,CDN 0 

1 
Outputs x 


Q.0N = Don't care 


Capacitances 


0.031pF 0.065pF 0.065pF 0.102pF 


Delay Information 


To 
Area Perf. Output 


0.92ns_ 0.75ns 
1.10ns 0.75ns 


7.99ns/pF 
3.24ns/pF 
8.32ns/pF 
4.03ns/pF 
2.11ns/pF 
3.24ns/pF 
9.38ns/pF 
8.72ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-76 


0.060pF 


Area | 0.028pF 0.057pF 0.057pF 0.027pF 0.027pF 
Perf 0.210pF 


0.103pF 


Truth Table 


Propagation Delay 


| Extrinsic _| intrinsic | Extrinsic_| intrinsic | 


1.77ns/pF 
0.70ns/pF 
2.01ns/pF 
1.07ns/pF 
0.62ns/pF 
0.70ns/pF 
2.14ns/pF 
2.01ns/pF 


FD2S1FX 


_ OUTPUTS | 


Sequential Cells 


Static D-Type Flip-Flop FD2S1G 


Master-Slave clocking, negative Truth Table 
asynchronous preset. 


Grids 18, Transistors 26 


Inputs 
D,MCK,SCK,PDN 


Outputs X = Don't care 


Q,QN 


Capacitances 


Area | 0.028pF 0.057pF 0.059pF 0.057pF 
Perf | 0.103pF 0.065pF 0.068pF 0.207pF 


Delay Information 


From To | Area | Performance 

Area Perf. || Input Output | Extrinsic | intrinsic | Extrinsic _| Intrinsic 
1.10ns 0.81ns 3.24ns/pF 0.70ns/pF 
1.21ns 0.75ns 7.93nNS/pF 1.77ns/pF 
9.38ns/pF 2.14ns/pF 
5.68ns/pF 1.40ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


ef SE dis, 7 


Sequential Cells 7-77 


Static D-Type Flip-Flop FD2S11 


Master-Slave clocking, positive Truth Table 
synchronous Clear. 


Grids 17, Transistors 26 


Inputs 
D,MCK,SCK,CD 


x< 


Outputs = Don't care 


Q,QN 


Capacitances 
Area | 0.028pF 0.057pF 0.056pF 0.027pF 
Pert 0.103pF 0.065pF 0.065pF 0.102pF 


Delay Information 


Propagation Delay 
| Area —s|_——s~Performance __— 


1.21ns 0.92ns 7.99ns/pF 1.73ns/pF 

1.27ns 0.92ns 5.75ns/pF 1.40ns/pF 

0.92ns 0.69ns 1.98ns/pF 0.58ns/pF 

1.33ns 0.87ns 3.24ns/pF 0.70ns/pF 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 
D 


QN 
CD 
CKA 
Q 
CKB 


7-78 Sequential Cells 


static D-Type Flip-Flop FD2S1J 


Master-Slave clocking, positive Truth Table 
synchronous preset. 


: : OLD 
Grids 16, Transistors 24 TQ. ON, 


| NEW | 

|Q_QN_ 
am 
1 0 


Inputs ; : . 
D,MCK,SCK,PD ae 
Outputs X = Don't care 

Q,QN 

Capacitances 


Area | 0.027pF 0.058pF 0.056pF 0.027pF 
Perf | 0.102pF 0.066pF 0.065pF 0.102pF 


Delay Information 


From To | Area | Performance 
Perf. || Input Output| Extrinsic | Intrinsic | Extrinsic | Intrinsic 
1.33ns 0.92ns 7.99ns/pF | 0.99ns | 1.73ns/pF 
1.16ns 0.75ns 1.40ns/pF 
1.33ns 0.92ns 0.58ns/pF 
1.16ns 0.75ns 3.24ns/pF | 0.87ns | 0.70ns/pF 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 


QN 


SCK 


Sequential Cells 7-79 


static D-Type Flip-Flop 


Master-Slave clocking, negative 
asynchronous Clear, negative 
asynchronous preset. 


Grids 21, Transistors 32 


Inputs 
D,MCK,SCK,PDNA,PDNB,CDN 


Outputs 
Q,QN 


Capacitances 


0.028pF  0.058pF 


FD2S1KX 


Truth Table 


| INPUTS 


D MCK SCK PDN’ CDN 
X 


PDNA 
0.027pF 


PDNB 


0.057pF 0.027pF 0.027pF 


Area 
Perf 
Delay Information 
Setup 
Time 


1.10ns 0.81ns 
1.44ns 0.92ns 


0.103pF  0.066pF 


0.065pF 0.102pF 0.103pF 0.102pF 


Propagation Delay 


Performance 


0.53ns/pF 
1.36ns/pF 
1.40ns/pF 
2.79ns/pF 
2.14ns/pF 
2.01ns/pF 
0.62ns/pF 
0.70ns/pF 


1.98ns/pF 
5.75ns/pF 


6.47ns/pF 
12.75ns/pF 
9.38ns/pF 
8.72ns/pF 
2.11ns/pF 
3.24ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


PDNB 
PDNA 


7-80 


Sequential Cells 


Static D-Type Flip-Flop 


Master-Slave clocking, negative 
synchronous preset. 


Grids 17, Transistors 26 


Inputs 
D,MCK,SCK,PDN 


Outputs 
Q,QN 


Capacitances 


0.058pF 


0.056pF 


FD2S1L 


Truth Table 


X = Don't care 


0.027pF 


D 
Area 0.028pF 
Perf 0.103pF 


Delay Information 


0.066pF 


From 
Input 
1.21ns 0.81ns 
1.10ns 0.69ns 
1.04ns 0.81ns 


0.065pF 


0.102pF 


Propagation Delay 
To | —Area_—si|_—~Performance _— 


1.73ns/pF 
1.40ns/pF 
0.58ns/pF 


7.99ns/pF 
5.75ns/pF 
1.98ns/pF 


1.56ns_ 1.04ns 
VDD=5V, T=25°C, Nominal Process. 


Motis Model 


SCK 


Sequential Cells 


3.24ns/pF 


0.70ns/pF 


QN 
[16 >] >-¢—ow 


7-81 


Static D-Type Flip-Flop FD2S1M 


Master-Slave clocking, negative Truth Table 
synchronous Clear. 


Grids 16, Transistors 24 


Inputs 
D,MCK,SCK,CDN 


x< 
it 


Output Ss Don't care 


Q,QN 


Capacitances 


D MCK SCK CDN 
Area 0.027pF 0.058pF 0.056pF 0.027pF 
Perf | 0.103pF 0.066pF 0.065pF 0.103pF 

Delay Information 


Setup Propagation Delay 
Time | Areas |__—~Performance__— 
| Extrinsic | intrinsic | 


0.98ns 0.75ns 7.99ns/pF 1.73ns/pF | 0.87ns 
1.39ns 0.87ns 5.75ns/pF 1.40ns/pF 

0.98ns_ 0.75ns 1.98ns/pF 0.58ns/pF | 0.92ns 
1.39ns 0.87ns 3.24ns/pF 0.70ns/pF | 0.73ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


DN } 
~ oa ep fn > ao 
A, a“ Q 
Il Y 
eo | ||| gob 


MCK eS ° 
aa 


7-82 Sequential Cells 


static D-Type Flip-Flop FD2S1NX 


Master-Slave clocking, positive Truth Table 
asynchronous clear, negative 


asynchronous preset. 
INPUTS OUTPUTS 


Grids 20, Transistors 30 D MCK SCK PDN CD 
X 


Inputs 
D,MCK,SCK,PDNA,PDNB,CD 


Outputs 
Q,QN 


Capacitances 


PDNA _— PDNB 
Area | 0.028pF 0.058pF 0.057pF 0.027pF 0.027pF 0.060pF 
Perf | 0.103pF 0.066pF 0.065pF 0.102pF 0.103pF 0.210pF 


Delay Information 


Propagation Delay 
Time From To | Area | _—Performance__—| 
Input___Output | Extrinsic _| Intrinsic| Extrinsic | intrinsic 
1.10ns 0.81ns 2.31ns/pF 0.58ns/pF 
1.44ns 0.92ns 6.01ns/pF 1.40ns/pF 
6.47ns/pF 1.40ns/pF 
12.75ns/pF 2./79ns/pF 
9.45ns/pF 2.14ns/pF 
8.72ns/pF 2.01ns/pF 
2.11ns/pF 0.62ns/pF 
3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


MCK 


Sequential Cells 7-83 


static D-Type Flip-Flop FLIN2AX 


Negative edge triggered, data select Truth Table 


front end, negative level sample. 
A INPUTS oeirels 


| OLD | NEW | 
Grids 26, Transistors 36 DO. Di SPN CK SD ra an|a@ an) 
0 xX Xx D4 0 1 
Inputs 1 xX xX j]1 O 
D0,D1,SPN,CKA,CKB,SD . oe ite. 4 
»4 X X 1 0 
Outputs X 0 | 0 4 
Q,QN X 1 0 | 0 
4 


= Don't care 


Capacitances 


DO D1 SPN CKA CKB SD 


Area | 0.027pF 0.027pF 0.057pF 0.057pF 0.029pF 0.056pF 
Perf | 0.102pF 0.102pF 0.207pF 0.065pF 0.033pF 0.206pF 


Delay Information 


Propagation Delay 
| Areas |_—sPerformance__| 


7.93ns/pF 1.73ns/pF 
5.81ns/pF 1.40ns/pF 
2.05ns/pF 0.58ns/pF 
3.17ns/pF 0.70ns/pF 


Area Perf. 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-84 Sequential Cells 


static D-Type Flip-Flop FLIN2JX 


Negative edge triggered, data select Truth Table 


front end, negative level sample, 
INPUTS OUTPUTS 


positive synchronous preset. 


: : OLD | NEW | 
Grids 27, Transistors 38 DO. D1. SPN CK SD PD ra an|aQ oN 
Inputs ; és Y : 
D0,D1,SPN,CKA,CKB,SD,PD : : 

X X 
Outputs X x 
Q,QN x 0 
X 1 
X 


Capacitances = Don't care Note: PD does not function while SD=0 


0.027pF 0.027pF 0.055pF 0.057pF 0.029pF 0.055pF  0.027pF 
0.102pF 0.102pF 0.205pF 0.065pF 0.033pF 0.206pF 0.102pF 


Delay Information 


Setup Propagation Delay 
Time 


To | Area__—|_— Performance 


Area __— Perf. Output | Extrinsic | Intrinsic. 
7.93ns/pF 1.73ns/pF 
5.81ns/pF 1.44ns/pF 
2.05ns/pF 0.58ns/pF 


3.17ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


PD 
D1 


\/ S 
; : a. oN Fea 
| > /\ D: “Te> TE>- >o-4+— on 


Sequential Cells 7-85 


static D-Type Flip-Flop | — FLIN2MX 


Negative edge triggered, data select Truth Table 
front end, negative level sample, 


negative synchronous clear. | QUTPUTS | 
9 y | INPUTS | OUTPUTS | 


OL 


Grids 27, Transistors 38 DO Di SPN CK SD CDN 


Inputs 
D0,D1,SPN,CKA,CKB,SD,CDN 


Outputs 
Q,QN 


“OK KKK XK 


Capacitances = Don't care Note: CDN does not function while SD=0 


0.027pF 0.027pF 0.057pF 0.057pF 0.029pF 0.056pF 0.027pF 
0.102pF 0.102pF 0.207pF 0.065pF 0.033pF 0.206pF 0.102pF 


Delay Information 


Setup Propagation Delay 
Time From To | Area | Performance _| 
Area___Perf. || Input_ Output | Extrinsic | Intrinsic| Extrinsic | Intrinsic | 


7.93ns/pF 
5.81ns/pF 
2.05ns/pF 
3.17ns/pF 


1.73ns/pF 
1.40ns/pF 
0.58ns/pF 
0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


CD 
D1 


7-86 Sequential Cells 


static D-Type Flip-Flop FLIN3SAX 


Positive edge triggered, data select Truth Table 
front end, negative level sample. 


INPUTS OUTPUTS 
. | OLD | NEW | 
Grids 26, Transistors 36 DO. D1 SPN CK SD ra aN|Q aN! 
Inputs . ° 
DO,D1,SPN,CKA,CKB,SD 
Outputs 
Q,QN 


Capacitances 


DO D1 SPN CKA CKB SD 
Area | 0.027pF 0.027pF 0.057pF 0.057pF 0.029pF 0.056pF 
Perf | 0.102pF 0.102pF 0.207pF 0.065pF 0.033pF 0.206pF 


Delay Information 


Input Setup Propagation Delay 
Signal Time | Area | Performance 


Name Area Perf. 
7.93ns/pF 1.73ns/pF 
5.81ns/pF 1.44ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


SPN 


Sequential Cells 7-87 


static D-Type Flip-Flop FLIN3JX 


Positive edge triggered, data select Truth Table 
front end, negative level sample, 


positive synchronous preset. | = QUTPUTS | 
y p INPUTS OUTPUTS 


Grids 27, Transistors 38 


Inputs 
D0,D1,SPN,CKA,CKB,SD,PD 


Outputs 
Q,QN 


; = Don't care Note: PD does not function while SD=0 
Capacitances 


0.027pF 0.027pF 0.055pF 0.057pF 0.029pF 0.055pF  0.027pF 
0.102pF 0.102pF 0.205pF 0.065pF 0.033pF 0.206pF 0.102pF 


Propagation Delay 
| Area |_——Performance__—| 


1.73ns/pF 
1.44ns/pF 
0.58ns/pF 
0.66ns/pF 


7.93ns/pF 
5.75ns/pF 
1.98ns/pF 
3.24ns/pF 


1.73ns 
3.24ns 
2.83ns 
3.24ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-88 Sequential Cells 


Static D-Type Flip-Flop FLIN3MX 


Positive edge triggered, data select Truth Table 
front end, negative level sample, 


negative synchronous clear. 
INPUTS OUTPUTS 


Grids 27, Transistors 38 DO Di SPN CK SD CDN 


Inputs : 
DO,D1,SPN,CKA,CKB,SD,CDN 


Outputs 
Q,QN 


XIX *& &*&&«K «KAO 
“~Ox«xx<x< «x 


= Don't care Note: CDN does not function while SD=0 


Capacitances 


0.027pF 0.027pF 0.057pF 0.057pF 0.029pF 0.056pF 0.027pF 
0.102pF 0.102pF 0.207pF 0.065pF 0.033pF 0.206pF 0.102pF 


Delay Information 


Setup Propagation Delay 
Time | Areas |_~—sPerformance 


7.93ns/pF 1.73ns/pF 
5.81ns/pF : 1.44ns/pF 
2.05ns/pF ; 0.58ns/pF 
3.24ns/pF 0.66ns/pF 


Area Perf. 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


SPN 


aReede 


Sequential Cells 7-89 


Static D-Type Flip-Flop FL1P2AX 


Negative edge triggered, data select Truth Table 
front end, positive level sample. 


OUTPUTS | 

seicaas waceiiic INPUTS OLD | NEW 

rids 26, Transistors 36 DO Di SP CK sp/Q QN/Q QN. 
Inputs : . : : 
D0,D1,SP,CKA,CKB,SD Xx xX xX | 0 
X X X 1 
Outputs x 0 1/0 
Q,QN X 10 | 1 

X 


= Don't care 


Capacitances 


SD 


D1 SP CKA CKB 


DO 


Area 0.027pF 0.027pF 0.055pF 0.057pF 0.029pF 0.056pF 
Perf 0.102pF 0.102pF 0.206pF 0.065pF 0.033pF 0.206pF 


Delay Information 


Setup Propagation Delay 
Time From To | Area | __—Performance__— 
Input Output | Extrinsic | | Extrinsic _| intrinsic. 


7.93ns/pF 1.73ns/pF 
5.81ns/pF 1.40ns/pF 
2.05ns/pF 0.58ns/pF 
3.17ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-90 Sequential Cells 


Static D-Type Flip-Flop FL1P2JX 


Negative edge triggered, data select Truth Table 
front end, positive level sample, 


sitive synchronous preset. | OUTPUTS i 
po y INPUTS OUTPUTS 


Grids 27, Transistors 38 


X 


Inputs 
DO,D1,SP,CKA,CKB,SD,PD 


Outputs 
Q,QN 


Capacitances = Don't care Note: PD does not function while SD=0 


0.027pF 0.027pF 0.057pF 0.057pF 0.029pF 0.055pF  0.027pF 
0.102pF 0.102pF 0.207pF 0.065pF 0.033pF 0.206pF 0.102pF 


Delay Information 


Setup 
Time To | Areas |__—sPerformance 

Output | Extrinsic | 

1.73ns 7.93ns/pF 1.73ns/pF 

1.62ns 5.81ns/pF 1.44ns/pF 

2.83ns 2.05ns/pF 0.58ns/pF 

1.79ns 3.17ns/pF 0.70ns/pF 

2.83ns 

1.56ns 

1.73ns 

3.24ns 

2.83Ns 

3.24ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
PD 
D1 
) > 
: D D 
/\ > a - 
SP ° D e e 
| OD /\ BD. Tre> _Tre> ee QN 


CKB 


Sequential Cells 7-91 


static D-Type Flip-Flop FL1P2MX 


Negative edge triggered, data select Truth Table 
front end, positive level sample, 


negative synchronous Clear. eine OUTPUTS 
Grids 27, Transistors 38 DO. D1 SP CK SD CDN|Q OQN|Q an 
inputs : 
DO,D1,SP,CKA,CKB,SD,CDN X 
xX 
Outputs Xx 
Q,QN xX 
X 
Capacitances X = Don't care Note: CDN does not function while SD=0 


0.027pF 0.027pF 0.055pF 0.057pF 0.029pF 0.056pF 0.027pF 
0.102pF 0.102pF 0.205pF 0.065pF 0.033pF 0.206pF  0.102pF 


Delay Information 


Setup Propagation Delay 
Time From To | Area | _—Performance__— 
Area Perf. || Input Output | Extrinsic | Intrinsic. 


1.79ns 1.10ns 
2.31ns 1.44ns 
1.79ns 1.10ns 
1.73ns 1.10ns 
2.02ns_ 1.21ns 
2.31ns 1.44ns 
1.73ns 1.10ns 
2.66ns_ 1.62ns 
2.31ins 1.50ns 
2.72ns_ 1.62ns 


VDD=5V, T=25°C, Nominal Process. 


7.93ns/pF 
5.81ns/pF 
2.05ns/pF 
3.24ns/pF 


1.73ns/pF 
1.44ns/pF 
0.58ns/pF 
0.70ns/pF 


Motis Model 
CD. 
D1 
SP 


QN 


7-92 Sequential Cells 


Static D-Type Flip-Flop FL1IPSAX 


Positive edge triggered, data select Truth Table 


front end, positive level sample. 
INPUTS OUTPUTS 


OLD | NEW | 
Grids 26, Transistors 36 DO D1 SP CK SD|Q QN|Q ON 
Inputs : : ? 
DO,D1,SP,CKA,CKB,SD x x 

X xX 
Outputs x 1 
Q,QN X 0 
X 


= Don't care 


Capacitances 


DO D1 SP CKA CKB SD 
Area | 0.027pF 0.027pF 0.055pF 0.057pF 0.029pF 0.056pF 
Perf | 0.102pF 0.102pF 0.206pF 0.065pF 0.033pF 0.206pF 


Delay Information 


Propagation Delay 
From To | Area | Performance _ 


Input Output 
7.93ns/pF 1.73ns/pF 
5.81ns/pF 1.44ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Sequential Cells 7-93 


Static D-Type Flip-Flop FL1P3JX 


Positive edge triggered, data select Truth Table 
front end, positive level sample, 
positive synchronous preset. OUTPUTS 
Grids 27, T ist an orp 
oe aero soo Sek SPOTS aN Ta Ow 
Inputs : ‘ 
DO,D1,SP,CKA,CKB,SD,PD X 
X 
Outputs X 
Q,QN X 
X 
; X = Don't care Note: PD does not function while SD=0 
Capacitances 


0.027pF 0.027pF 0.057pF 0.057pF 0.029pF 0.055pF 0.027pF 
0.102pF 0.102pF 0.207pF 0.065pF 0.033pF 0.206pF 0.102pF 


Delay Information 


Setup 
Time 


Area Perf. 


Propagation Delay 
| Area——s|_——s~Peerformance 


7.93ns/pF 
5.75ns/pF 
1.98nS/pF 
3.24ns/pF 


1.73ns/pF 
1.44ns/pF 
0.58ns/pF 
0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-94 Sequential Cells 


Static D-Type Flip-Flop FL1P3MX 


Positive edge triggered, data select Truth Table 
front end, positive level sample, 


negative synchronous clear. | OUTPUTS i 
INPUTS OUTPUTS 
Grids 27, Transistors 38 DO. Di SP CK SD CDN 


Inputs 
D0,D1,SP,CKA,CKB,SD,CDN 


Outputs 
Q,QN 


; = Don't care Note: CDN does not function while SD=0 
Capacitances 


0.027pF 0.027pF 0.055pF 0.057pF 0.029pF 0.056pF 0.027pF 
0.102pF 0.102pF 0.205pF 0.065pF 0.033pF 0.206pF _0.102pF 


Delay Information 


Setup Propagation Delay 
Time From To | Area | _— Performance __ 


Area Perf. || Input Output 
7.93ns/pF 1.73ns/pF 
5.81ns/pF 1.44ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF : 0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Sequential Cells 7-95 


Static D-Type Flip-Flop FL1S2AX 


Negative edge triggered, data select 
front end. 


Truth Table 


' OUTPUTS | 
ee 


| NEW | 
(Do Di CK SD/|Q QN/|Q QN 


X 
X 
X 
X 


Grids 19, Transistors 30 


Inputs : 
D0,D1,CKA,CKB,SD X 
X 
Outputs 
Q,QN 


Capacitances 


DO D1 CKA CKB SD 
0.027pF 0.029pF 0.057pF 0.028pF  0.054pF 
Perf 


0.102pF 0.104pF 0.065pF 0.032pF  0.204pF 


Delay Information 


Setup 
Time 


Performance 


Propagation Delay 


2.05ns/pF 


3.24ns/pF 
7.93ns/pF 
5.75ns/pF 


} 0.58ns/pF 


0.66ns/pF 
1.73ns/pF 
1.44ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


QN 
CKB 


7-96 Sequential Cells 


static D-Type Flip-Flop FL1S2BX 


Negative edge triggered, data select Truth Table 


front end, positive asynchronous preset. 
INPUTS OUTPUTS 


| OLD | NEW | 
Grids 22, Transistors 34 DO. D1 CK SD PD ra aN|Q ani 
Inputs ‘ : 
DO,D1,CKA,CKB,SD,PD , 0 
4 1 
Outputs x 0 
Q,QN X 


= Don't care 


Capacitances 


DO D1 CKA CKB SD PD 


Area | 0.027pF 0.029pF 0.058pF 0.029pF 0.054pF  0.059pF 
Perf | 0.102pF 0.104pF 0.066pF 0.033pF 0.204pF 0.209pF 


Delay Information 


Setup Propagation Delay 
Time To | —Area_—s|_—s=#Peerformance i 
Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic. 


2.11ns/pF 0.58ns/pF 


3.24ns/pF 0.70ns/pF 
7.86ns/pF 1.73ns/pF 
8.85ns/pF 2.05ns/pF 
6.01ns/pF 1.40ns/pF 
2.31NS/pF 0.62ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


VY, bs Edipygs! Br. 


ee 
CKB 
PD 


Sequential Cells 7-97 


oO 


static D-Type Flip-Flop FL1S2CX 


Negative edge triggered, data select Truth Table 
front end, positive asynchronous clear, 


positive asynchronous preset. | sare | OUTPUTS 
; | OLD | NEW _ 
Grids 28, Transistors 40 DOD. D1 CK SD PD cD TQ anla@ an) 
Inputs : ‘s - 
DO,D1,CKA,CKB,SD,PDA,PDB,CD 0 
1 
Outputs Xx 
Q,QN X 
Capacitances A= DeMt-care 
DO D1 CKA CKB SD PDA PDB CD 


0.027pF 0.029pF 0.060pF 0.028pF 0.056pF 0.027pF 0.027pF 0.027pF 
Perf 


0.103pF 0.104pF 0.069pF 0.032pF 0.206pF 0.102pF 0.102pF 0.102pF 


Delay Information 


Setup Propagation Delay 
Time From To | Area | ‘Performance __ 
Area__ Pert. Output | Extrinsic | Intrinsic] Extrinsic | Intrinsic | 


7.93ns/pF 
3.24ns/pF 
2.18ns/pF 
3.24ns/pF 
9.38ns/pF 
8.79ns/pF 
8.26ns/pF 
4.03ns/pF 


1.77ns/pF 
0.70ns/pF 
0.58ns/pF 
0.70ns/pF 
2.14ns/pF 
2.05ns/pF 
2.05ns/pF 
1.07ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


3 
CKA : 


‘ss Ey 
PDA 
CKB 
PDB (Sarre ee reen th ge 
CD i ° 
CDN 


7-98 Sequential Cells 


Static D-Type Flip-Flop FL1S2DX 


Negative edge triggered, data select Truth Table 


front end, positive asynchronous Clear. 
INPUTS OUTPUTS 


: OLD 
Grids 22, Transistors 32 DO. D1 CK SD cD ra QNIQ an’ 
Inputs ‘ : : 
DO,D1,CKA,CKB,SD,CD , X { 0 

D4 D4 0 1 
Outputs x X | 1 0 
Q,QN X = Don't care 
Capacitances 


DO D1 CKA CKB SD CD 
Area | 0.027pF 0.029pF 0.057pF 0.029pF 0.055pF  0.059pF 
Perf | 0.103pF 0.104pF 0.065pF 0.033pF 0.206pF _0.209pF 


Delay Information 


Setup 
Time Performance 
Area Pert. 
2.31ns/pF 0.62ns/pF 
6.01ns/pF 1.40ns/pF 
| 7.86ns/pF 1.73ns/pF 
8.85ns/pF 2.05ns/pF 
2.11Nns/pF 0.62ns/pF 
3.24ns/pF 0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


CKA 


Sequential Cells 7-99 


static D-Type Flip-Flop FL1IS2EX 


Negative edge triggered, data select Truth Table 
front end, negative asynchronous clear. 


OUTPUTS 


ee OLD 

: OLD | NEW | 
Grids 22, Transistors 34 DO D1 CK SD CDN ra aN] Q. an| 
Inputs ; . : : ; 
DO,D1,CKA,CKB,SD,CDN 4 x x 14 

x xX x10 

Outputs x X xX | 1 
Q,QN X = Don't care 
Capacitances 


0.027pF 0.029pF 0.058pF 0.028pF 0.054pF  0.057pF 
0.102pF 0.104pF 0.066pF 0.032pF 0.204pF 0.208pF 


Delay Information 


Propagation Delay 
| Area ———s|_~—s~Performance _— 


1.77ns/pF 
0.70ns/pF 
0.58ns/pF 
0.70ns/pF 
2.14ns/pF 
1.40ns/pF 


To 
Output 


From 
Input 


Area Perf. 


7.99ns/pF 
3.24ns/pF 
2.05ns/pF 
3.24ns/pF 
9.38ns/pF 
5.75ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


3 
: 
CKA : 


7-100 Sequential Cells 


static D-Type Flip-Flop FL1IS2FX 


Negative edge triggered, data select 
front end, negative asynchronous clear, 


Truth Table 


positive asynchronous preset. NGUTS OUTPUTS 

| OLD | NEW | 

Grids 25, Transistors 38 DO D1 CK SD PD CDN|Q oaN|aQ an| 

Inputs : ‘ 2 ‘ ; : 

DO,D1,CKA,CKB,SD,PDA,PDB,CDN 0 x lo 4 
1 X 1 0 

Outputs x X10 1 

Q,QN 4 xX | 1 O 
X = Don't care 

Capacitances 


D1 CKA CKB SD PDA PDB CDN 


0.027pF 0.029pF 0.057pF 0.028pF 0.056pF 0.027pF 0.027pF 0.057pF 
0.102pF 0.104pF 0.065pF 0.032pF 0.206pF 0.102pF 0.103pF _0.207pF 


Delay Information 


Setup Propagation Delay 
Time From To | Area | Performance _| 


Area Perf. Input Output 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


CKA 


Sequential Cells 


7.93ns/pF 
3.24ns/pF 
2.11ns/pF 
3.24ns/pF 
9.38ns/pF 
8.79ns/pF 
8.32nSs/pF 
4.03ns/pF 


1.77ns/pF 
0.70ns/pF 
0.58ns/pF 
0.70ns/pF 
2.14ns/pF 
2.05ns/pF 
2.05ns/pF 
1.07ns/pF 


7-101 


static D-Type Flip-Flop on FL1S2GX 


Negative edge triggered, data select Truth Table 
front end, negative asynchronous preset. 


OUTPUTS 


elaibaae [OLD | 
: OLD | NEW | 
Grids 22, Transistors 32 DO. Di CK SD PDN ra an|Q an) 
Inputs : : 
DO,D1,CKA,CKB,SD,PDN ‘i 0 
X 1 
Outputs Xx 0 
Q,QN 
Capacitances 


DO D1 CKA CKB SD PDN 


Area 0.027pF 0.029pF 0.057pF 0.028pF 0.055pF 0.057pF 
Perf 0.103pF 0.104pF 0.065pF 0.032pF 0.206pF 0.208pF 


Delay Information 


Setup Propagation Delay 
Time | Area—s|_~——sPerformance 


9.38ns/pF 2.14ns/pF 


Area Perf. 


5.75ns/pF 1.40ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.66ns/pF 
3.24ns/pF | 0.70ns/pF 
7.99ns/pF 1.7/7ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
CKA 
i Te 


Pr | 
) > TS ei . 


7-102 Sequential Cells 


static D-Type Flip-Flop FL1S21X 


Negative edge triggered, data select Truth Table 
front end, positive synchronous clear. 


NEUTS OUTPUTS 
Grids 23, Transistors 32 
Inputs 
DO,D1,CKA,CKB,SD,CD 
Outputs 
Q,QN X = Don't care Note: CD does not function while SD=0 
Capacitances 


DO D1 CKA CKB SD CD 


Area | 0.027pF 0.027pF 0.057pF 0.028pF 0.057pF  0.027pF 
Perf | 0.102pF 0.102pF 0.065pF 0.032pF 0.207pF _0.102pF 


Delay Information 


Setup Propagation Delay 
Time From To | Area | __—Performance__—i| 
Input_ Output | Extrinsic | Intrinsic | Extrinsic _| Intrinsic’ 


7.93nSs/pF 1.73ns/pF 
5.75ns/pF 1.44ns/pF 


1.98ns/pF ; 0.58ns/pF 
CK lL QNT | 3.24ns/pF , 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
CDN 


CD > 
DN 


D1 


2 ew ; 
a 
Wc: ie a \/ \/ 
am i 


CKB 


Sequential Cells 7-103 


static D-Type Flip-Flop FL1S2JUX 


Negative edge triggered, data select Truth Table 
front end, positive synchronous preset. 


OUTPUTS 


iabete ow | 

: OLD 
Grids 21, Transistors 30 DO. Di. CK SD PD r@.an|Q@ an” 
Inputs 
DO,D1,CKA,CKB,SD,PD 
Outputs 
Q,QN X = Don't care Note: PD does not function while SD=0 
Capacitances 


DO D1 CKA CKB SD PD 
Area 0.027pF 0.027pF 0.057pF 0.028pF 0.056pF 0.027pF 
Perf 0.102pF 0.102pF 0.065pF 0.032pF 0.206pF 0.102pF 


Delay Information 


Setup 
Time 


Propagation Delay 
| Area | Performance 


1.73ns/pF 
1.44ns/pF 
0.58ns/pF 
0.70ns/pF 


7.93ns/pF 
5.75ns/pF 
1.98ns/pF 
3.24ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
CKA Se. : 
: ites 
SD 
D1 
PD 
CKB 


QN 


7-104 Sequential Cells 


Static D-Type Flip-Flop FL1IS2KX 


Negative edge triggered, data select Truth Table 
front end, negative asynchronous clear, 
negative asynchronous preset. | OUTPUTS if 
p INPUTS OUTPUTS 
Grids 27, Transistors 38 DO. D1. CK SD PDN CDN 
Inputs : 4 
DO,D1,CKA,CKB,SD,PDNA,PDNB,CDN 0 
1 
Outputs Xx 
Q,QN X 
X = Don't care 
Capacitances 
DO D1 CKA CKB SD PDNA PDNB CDN 


Area | 0.027pF 0.029pF 0.057pF 0.029pF 0.056pF 0.027pF 0.027pF 0.027pF 
Perf | 0.103pF 0.104pF 0.065pF 0.033pF 0.206pF 0.102pF 0.102pF 0.102pF 


Delay Information 


Setup Propagation Delay 
Time | Area |_—sPerformance__| 
|Intrinsic| Extrinsic_| intrinsic 


1.73ns 2.05ns/pF 0.53ns/pF 
1.79ns 5.75ns/pF 1.36ns/pF 
1.50ns 9.38ns/pF 2.14ns/pF 
1.85ns 8.79ns/pF 2.05ns/pF 
1.68ns 2.18nS/pF 0.58ns/pF 
2.08ns 3.24ns/pF 0.70ns/pF 
6.47ns/pF 1.36ns/pF 

12.75ns/pF 2.79ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Sequential Cells 7-105 


Static D-Type Flip-Flop FL1IS2LX 


Negative edge triggered, data select Truth Table 
front end, negative synchronous preset. 


INPUTS ie UreuTs 
Grids 23, Transistors 32 DO Di CK SD PDN|Q QN|Q an) 
Inputs ; 
D0,D1,CKA,CKB,SD,PDN 
Outputs 
Q,QN X = Don't care Note: PDN does not function while SD=0 
Capacitances 


DO D1 CKA CKB SD PDN 
Area | 0.027pF 0.027pF 0.057pF 0.028pF 0.056pF  0.027pF 
Pert | 0.102pF 0.102pF 0.065pF 0.032pF 0.206pF 0.102pF 


Delay Information 


Setup 
Time 


Area Perf. 


Propagation Delay 
| Areas | ——s#Performance | 


1.73ns/pF 
1.44ns/pF 
0.58ns/pF 
0.70ns/pF 


7.93ns/pF 
5.75ns/pF 
1.98ns/pF 
3.24ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


»—] > 
DN 


QN 


7-106 | Sequential Cells 


Static D-Type Flip-Flop FL1S2MX 


Negative edge triggered, data select Truth Table 
front end, negative synchronous clear. 


‘pute OUTPUTS 
Grids 20, Transistors 30 
Inputs 
DO,D1,CKA,CKB,SD,CDN 
Outputs 
Q,QN X = Don't care Note: CDN does not function while SD=0 
Capacitances 


DO D1 CKA 


Area | 0.027pF 0.027pF 0.057pF 0.028pF 0.057pF  0.027pF 
Perf | 0.102pF 0.102pF 0.065pF 0.032pF 0.207pF _0.102pF 


Delay Information 


Setup Propagation Delay 
Time | Areas |_——sPerformance 
Area___ Perf. | Extrinsic _| Intrinsic | 


1.50ns 7.93ns/pF 1.73ns/pF 
1.79ns 5.75ns/pF 1.44ns/pF 


1.56ns 2.05ns/pF 0.58ns/pF 
1.56ns 3.24ns/pF 0.66ns/pF 
1.33ns 
1.79ns 
1.50ns 
1.85ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
CKA 
a : 
D1 DN > : 
cos | /\ 
DN S 
DN e 3 e 
VY ee es eee 
CKB 


Sequential Cells 7-107 


static D-Type Flip-Flop 


Negative edge triggered, data select 
front end, positive asynchronous clear, 


negative asynchronous preset. | a OUTPUTS | 
| OLD | NEW | 
Grids 25, Transistors 36 DO. D1 CK SD PDN cD ra an|a@ an! 
Inputs ' ; 
DO,D1,CKA,CKB,SD,PDNA,PDNB,CD 0 1 
1 0 
Outputs 0 4 
Q,QN 1 0 
Capacitances 
DO D1 CKA CKB SD PDNA PDNB CD 
Area | 0.027pF 0.029pF 0.057pF 0.029pF 0.056pF 0.027pF 0.027pF 0.057pF 
Perf 0.103pF 0.104pF 0.065pF 0.033pF 0.206pF 0.102pF 0.103pF 0.207pF 
Delay Information 
Setup Propagation Delay 
Time From To | — Area —~—s|_~—Ssé Performance 
Output | Extrinsic _| intrinsic | Extrinsic | Intrinsic 
1.73ns 2.25ns/pF 0.58ns/pF 


1.85ns 
1.50ns 
1.85ns 
1.68ns 
2.08ns 


1.16ns 
1.04ns 
1.16ns 
1.21ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


C A 
D 
D1 
a). 
so\/ J > 
en - 
PDNA: 
CKB 
CD 
PDNB 
7-108 


FLIS2NX 


Truth Table 


6.01ns/pF 
9.31ns/pF 
8.85ns/pF 
2.11ns/pF 
3.24ns/pF 
6.47ns/pF 
12.75ns/pF 


1.40ns/pF 
2.14ns/pF 
2.05ns/pF 
0.58ns/pF 
0.70ns/pF 
1.36ns/pF 
2.75ns/pF 


Sequential Cells 


static D-Type Flip-Flop FL1S20X 


Negative edge triggered, data select Truth Table 
front end, positive synchronous Clear, 


sitive synchronous preset. | OUTPUTS i 
po y p ee OUTPUTS 


Grids 24, Transistors 34 


0 


Inputs 
DO,D1,CKA,CKB,SD,PD,CD 


Outputs 
Q,QN 


= Don't care Note: PD/CD do not function while SD=0 
Capacitances 


0.027pF 0.027pF 0.057pF 0.028pF 0.057pF 0.027pF 0.027pF 
0.102pF 0.102pF 0.065pF 0.032pF 0.207pF 0.102pF 0.102pF 


Delay Information 


Time From To | Area | Performance __ 
Input Output | Extrinsic | intrinsic | Extrinsic _| Intrinsic | 
7.93nS/pF 1.73ns/pF 
5.75ns/pF 1.44ns/pF 
1.98ns/pF 0.58ns/pF 


3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 

7 /\ ) > oS . 2a ». QN 

== tal OV. Y" 
DN | ] 


Sequential Cells 7-109 


Static D-Type Flip-Flop FL1S3AX 


Positive edge triggered, data select Truth Table 
front end. 


OUTPUTS | 


Grids 19, Transistors 30 


Inputs 
D0,D1,CKA,CKB,SD 


Outputs 
Q,QN 


Capacitances 


DO D1 CKA CKB SD 


Area | 0.027pF 0.029pF 0.057pF 0.028pF  0.054pF 
Perf | 0.102pF 0.104pF 0.065pF 0.032pF 0.204pF 


Delay Information 


Setup Propagation Delay 
Time To | Areas] ~—sPerformance 
Output | Extrinsic | Extrinsic _| Intrinsic. 


1.98ns/pF 0.58ns/pF 


3.24ns/pF 0.70ns/pF 
7.93ns/pF 1.73ns/pF 
5.75ns/pF 1.44ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
D B 


are - 
AJ j>>|lG 71> 

Vor Piers Ie 
fei S. i Rally ° 


CKB 


7-110 Sequential Cells 


static D-Type Flip-Flop FL1S3BX 


Positive edge triggered, data select Truth Table 


front end, positive asynchronous preset. 
INPUTS ob ne 
DO Di CK SD PD|}Q QN/Q_ QN_| 
X 


Grids 22, Transistors 34 


Inputs : : : : 
DO,D1,CKA,CKB,SD,PD 1 x x 14 

X Xx xX 10 
Outputs Xx x xl 4 
Q,QN x 


= Don't care 


Capacitances 


DO 


0.027pF 0.029pF 0.058pF 0.028pF 0.054pF 0.058pF 
Perf | 0.102pF 0.104pF 0.066pF 0.032pF 0.204pF 0.208pF 


Delay Information 


Time To | Areas |_——sPerformance | 
Output | Extrinsic | Intrinsic | Extrinsic _| Intrinsic. 

2.18ns/pF 0.62ns/pF 

3.24ns/pF 0.70ns/pF 

7.93ns/pF 1.73ns/pF 

8.85ns/pF 2.01ns/pF 

6.01ns/pF 1.40ns/pF 

2.31nS/pF 0.62ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


D 


as 
SD - 

SDN ¥ ) >» 
cee ae 


PD 


CKA 


CKB 


Sequential Cells 7-111 


static D-Type Flip-Flop : FL1S3CX 


Positive edge triggered, data select Truth Table 
front end, positive asynchronous Clear, 


positive asynchronous preset. WOLFE | OUTPUTS | 
Grids 28, Transistors 40 OLD _| NEW _ 
} DO Di CK SD PD CD/Q QN|Q QN_ 
Inputs . = * : 
D0,D1,CKA,CKB,SD,PDA,PDB,CD 0 0 
1 1 
Outputs xX 0 
Q,QN X 1 
: X = Don’ 
Capacitances veneers 
DO D1 CKA CKB SD PDA PDB CD 


Area | 0.027pF 0.029pF 0.061pF 0.029pF 0.056pF 0.027pF 0.027pF 0.027pF 
Perf | 0.103pF 0.104pF 0.070pF 0.033pF 0.206pF 0.102pF 0.102pF 0.102pF 


Delay Information 


Propagation Delay 
From To | Area | ‘Performance __ 
Area Perf. || Input Output | Extrinsic | Intrinsic | Extrinsic | Intrinsic 


7.93nS/pF 
3.24ns/pF 
2.18nS/pF 
3.24ns/pF 
9.38ns/pF 
8.79ns/pF 
8.32ns/pF 
4.03ns/pF 


1.77ns/pF 
0.70ns/pF 
0.62ns/pF 
0.70ns/pF 
2.10ns/pF 
2.05ns/pF 
2.05ns/pF 
1.07ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


CDN 


QN 


7-112 Sequential Cells 


Static D-Type Flip-Flop FL1S3DX 


Positive edge triggered, data select Truth Table 


front end, positive asynchronous Clear. 
OUTPUTS 
ail [OLD 
OLD | NEW | 
Do Di CK SD CD|Q QN/Q QN 
X X 


Grids 22, Transistors 32 


D0,D1,CKA,CKB,SD,CD 4 x x41 O 
X Xx -xX}]0 1 

Outputs Xx x xld1o 

Q,QN X = Don't care 

Capacitances 


DO D1 CKA CKB SD CD 
Area | 0.027pF 0.029pF 0.057pF 0.028pF 0.055pF 0.057pF 
Perf | 0.103pF 0.104pF 0.065pF 0.032pF 0.206pF  0.208pF 


Delay Information 


Setup Propagation Delay 
Time | Area ——s|_~——sPerformance 


2.31nS/pF 0.62ns/pF 
6.01ns/pF 1.40ns/pF 
7.93nS/pF 1.73ns/pF 
8.85ns/pF 2.05ns/pF 
2.18ns/pF 0.62ns/pF 
3.24ns/pF 0.70ns/pF 


Area Pert. 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
CD 
" D 
1 
el : 
so\/ > 

IN 
7 = Q 
CKA 
CKB 


Sequential Cells 7-113 


static D-Type Flip-Flop FL1S3EX 


Positive edge triggered, data select Truth Table 
front end, negative asynchronous clear. 


INPUTS | OUTPUTS | 
Grids 22, Transistors 34 so otek 86 Gon | Say |e 
Inputs ‘ xX xX : . : 
D0,D1,CKA,CKB,SD,CDN 1 x x4 
Outputs : : She 
Q,QN " 


= Don't care 


Capacitances 


DO D1 CKB SD CDN 
Area | 0.027pF 0.029pF 0.058pF 0.029pF 0.054pF  0.059pF 
Perf | 0.102pF 0.104pF 0.066pF 0.033pF 0.204pF _0.209pF 


Delay Information 


Propagation Delay 
From To | Area | Performance _— 
Area Perf. || Input Output| Extrinsic | Intrinsic | Extrinsic | Intrinsic 


7.99ns/pF 1.77ns/pF 
3.24ns/pF 0.70ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF 0./70ns/pF 
9.38ns/pF 2.10ns/pF 
5.68ns/pF 1.40ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 

CDN 
DI 
SD QN 

Q 

DO 

CKA 

CKB 


7-114 Sequential Cells 


FLIS3SFX 


Static D-Type Flip-Flop 


Positive edge triggered, data select 
front end, negative asynchronous clear, 
positive asynchronous preset. 


Truth Table 
ees 


, OLD | NEW | 
Grids 25, Transistors 38 DO. D1. CK SD PD CDN ra GN” 
Inputs : -_ = ; ‘ 
DO,D1,CKA,CKB,SD,PDA,PDB,CDN 0 0 , 

1 1 O 
Outputs X 0 4 
Q,QN X 1 0 
X = Don't care 
Capacitances 


DO D1 CKA CKB SD PDA PDB CDN 


Area | 0.027pF 0.029pF 0.057pF 0.029pF 0.056pF 0.027pF 0.027pF 0.057pF 
Perf | 0.102pF 0.104pF 0.065pF 0.033pF 0.206pF 0.102pF 0.103pF 0.208pF 


Delay Information 


Setup 
Time From 


Input 


Propagation Delay 
| Areas] ~——~Performance 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Sequential Cells 


7.99ns/pF 
3.24ns/pF 
2.25ns/pF 
3.30ns/pF 
9.38ns/pF 
8.79ns/pF 
8.32ns/pF 
4.03ns/pF 


1.77ns/pF 
0.70ns/pF 
0.62ns/pF 
0.70ns/pF 
2.14ns/pF 
2.01ns/pF 
2.05ns/pF 
1.07ns/pF 


QN 


7-115 


Static D-Type Flip-Flop : FL1S3GX 


Positive edge triggered, data select Truth Table 
front end, negative asynchronous preset. : 


OUTPUTS 


sides | ou | 

: : OLD | NEW | 
Grids 22, Transistors 32 DO. Di CK SD PDN Ta QN|Q ON 
Inputs 7 : . : ; 
DO,D1,CKA,CKB,SD,PDN { x x] 4 

X Xx xX 10 

Outputs Xx x xy 
Q,QN X = Don't care 
Capacitances 


DO D1 CKA CKB SD PDN 


Area | 0.027pF 0.029pF 0.058pF 0.029pF 0.055pF 0.059pF 
Perf | 0.103pF 0.104pF 0.066pF 0.033pF 0.206pF  0.209pF 


Delay Information 


Setup 
Time 


Propagation Delay 


From To | Area | Performance | 
Area Perf. Output | Extrinsic | intrinsic | Extrinsic _| Intrinsic | 


9.38ns/pF 
5.68ns/pF 
2.05ns/pF 
3.24ns/pF 
3.24ns/pF 
7.99ns/pF 


2.14ns/pF 
1.40ns/pF 
0.62ns/pF 
0.70ns/pF 
0.70ns/pF 
1.77ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


QN 


7-116 Sequential Cells 


Static D-Type Flip-Flop FL1S3IX 


Positive edge triggered, data select Truth Table 
front end, positive synchronous Clear. 


INPUTS OUTPUTS 
Grids 23, Transistors 32 
Inputs 
DO,D1,CKA,CKB,SD,CD 
Outputs 
Q,QN X = Don't care Note: CD does not function while SD=0 
Capacitances 


0.027pF 0.027pF 0.057pF 0.028pF 0.057pF 0.027pF 
0.102pF 0.102pF 0.065pF 0.032pF 0.207pF  0.102pF 


Delay Information 


Setup Propagation Delay 
Time | Area |~——Performance _| 
| Extrinsic | intrinsic | 


7.93ns/pF 1.77ns/pF 
5.81ns/pF 1.40ns/pF 


2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
CDN 


cD PE 
DN 


D1 


SD LD cn 12 e= QN 
som 7 > $e 4] > te] ey 
» 


CKB 


Sequential Cells 7-117 


static D-Type Flip-Flop FL1S3JX 


Positive edge triggered, data select Truth Table 
front end, positive synchronous preset. 


tine | OUTPUTS | 


Grids 21, Transistors 30 


Inputs 
D0,D1,CKA,CKB,SD,PD 


Outputs 
Q,QN X = Don't care Note: PD does not function while SD=0 


Capacitances 


DO D1 CKA CKB SD PD 
0.027pF 0.027pF 0.056pF 0.028pF 0.056pF 0.027pF 
Perf | 0.102pF 0.102pF 0.065pF 0.033pF 0.206pF 0.102pF 


Delay Information 


Setup Propagation Delay 
Time | Area | ~——C~Performance _— 
Output | Extrinsic | Intrinsic | Extrinsic _| Intrinsic 


7.93ns/pF 1.77ns/pF 
5.81ns/pF 1.40ns/pF 


2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
DN 


SD i: | TG > > es vac > QN 


D1 
PD 


CKA 


CKB 


7-118 Sequential Cells 


Static D-Type Flip-Flop 


Positive edge triggered, data select 
front end, negative asynchronous clear, 
negative asynchronous preset. 


Grids 27, Transistors 38 DO. D1 CK SD PDN CON|Q@ aN’ 
Inputs : : és . 
D0,D1,CKA,CKB,SD,PDNA,PDNB,CDN | 4 X 
1 x 
Outputs X x 
Q,QN X X 
X = Don't care 
Capacitances 
DO D1 CKA CKB SD PDNA 
Area | 0.027pF 0.029pF 0.057pF 0.028pF 0.056pF 0.027pF 
Perf | 0.103pF 0.104pF 0.065pF 0.032pF 0.206pF  0.102pF 


Delay Information 


Setup 
Time 


Output 
2.05ns/pF 
5.75ns/pF 
9.38ns/pF 
8.79ns/pF 
2.25ns/pF 
3.24ns/pF 
6.47ns/pF 

12.75ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


INPUTS 


Truth Table 


| Area |__—Performance _ 
| Extrinsic _| Intrinsic| Extrinsic | Intrinsic 


0.53ns/pF 
1.36ns/pF 
2.10ns/pF 
2.05ns/pF 
0.62ns/pF 
0.70ns/pF 
1.36ns/pF 
2.79ns/pF 


Sequential Cells 


FLIS3KX 


PDNB 


0.027pF 
0.102pF 


static D-Type Flip-Flop FL1S3LX 


Positive edge triggered, data select Truth Table 
front end, negative synchronous preset. 


OUTPUTS 
INPUTS 
: : 
Grids 23, Transistors 32 DO D1 CK SD PDN Ta Qn] Q_an| 
Inputs i : 
DO,D1,CKA,CKB,SD,PDN 
Outputs 
Q,QN 


X = Don't care Note: PDN does not function while SD=0 


Capacitances 


0.027pF 0.027pF 0.057pF 0.028pF 0.056pF 0.027pF 
0.102pF 0.102pF 0.065pF 0.033pF 0.206pF 0.102pF 


Propagation Delay 
| Area |__—~Performance 


1.77ns/pF 
1.40ns/pF 
0.58ns/pF 
0.66ns/pF 


Delay Information 


Setup 
Time 


Area Perf. 


To 
Output 


From 
Input 


7.93ns/pF 
5.81ns/pF 
2.05ns/pF 
3.24ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


DN 


s | >_> Tt6 pf ey — 


7-120 Sequential Cells 


Static D-Type Flip-Flop FL1S3MX 
Positive edge triggered, data select Truth Table 


INPUTS OUTPUTS 


front end, negative synchronous Clear. 


Grids 20, Transistors 30 


Inputs 
DO0,D1,CKA,CKB,SD,CDN 


Outputs 
Q,QN 


Capacitances 


DO 


Area | 0.027pF 0.027pF 0.057pF 0.028pF 0.057pF 0.027pF 
Perf | 0.102pF 0.102pF 0.065pF 0.032pF 0.207pF _0.102pF 


Delay Information 


Propagation Delay 
To | Areas] ~——s#Performance __ 


Area Perf. Output 
7.93nSs/pF 1.73ns/pF 
5.75ns/pF : 1.40ns/pF 
1.98ns/pF : 0.58ns/pF 
3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
Q 
CKA 
DN 
D1 
CDN Ls 
SD 
SDN \7 QN 


- = 


Sequential Cells 7-121 


Static D-Type Flip-Flop FLISSNX 


Positive edge triggered, data select Truth Table 
front end, positive asynchronous clear, 


negative asynchronous preset. | OUTPUTS 
g y p | INPUTS OUTPUTS | 


aac [OLD 
rids 25, Transistors 36 DO Di CK SD PDN CD/Q QN| 


Inputs ‘ 
DO,D1,CKA,CKB,SD,PDNA,PDNB,CD 


Outputs 
Q,QN 


X 
X 
0 
1 
X 
X 
X 


= Don't care 
Capacitances 
DO D1 CKA CKB SD PDNA —__PDNB CD 


Area | 0.027pF 0.029pF 0.057pF 0.028pF 0.056pF 0.027pF 0.027pF  0.057pF 
Perf | 0.102pF 0.104pF 0.064pF 0.032pF 0.206pF 0.102pF 0.103pF 0.207pF 


Delay Information 


Setup | Propagation Delay 
Time From To | Area | _—~Performance __— 
Output | Extrinsic _| intrinsic | Extrinsic | Intrinsic | 


1.73ns 
1.85ns 1.16ns 
1.50ns_ 1.04ns 
1.85ns  1.16ns 
1.68ns 1.21ns 
2.08ns 


2.25ns/pF 
6.01ns/pF 
9.38ns/pF 
8.79ns/pF 
2.18ns/pF 
3.24ns/pF 
6.47ns/pF 
12.75ns/pF 


0.58ns/pF 
1.40ns/pF 
2.10ns/pF 
2.01ns/pF 
0.62ns/pF 
0.70ns/pF 
1.36ns/pF 
2.75ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
D1 = 
- es 
son / 
= Ee 
Cc 

PDNA: 

CKB 
CD 

PDNB 


7-122 Sequential Cells 


static D-Type Flip-Flop FL1S30X 


Positive edge triggered, data select Truth Table 

front end, positive synchronous Clear, 

positive synchronous preset. | OUTPUTS 
INPUTS OUTPUTS 


Grids 24, Transistors 34 


DO D1 CK SD PD CD 


Inputs : 
DO,D1,CKA,CKB,SD,PD,CD Xx 
X 
Outputs Xx 
Q,QN X 
X = Don't care Note: PD/CD do not function while SD=0 
Capacitances 


0.027pF 0.027pF 0.058pF 0.028pF 0.057pF 0.027pF 0.027pF 
0.102pF 0.102pF 0.066pF 0.032pF 0.207pF 0.102pF 0.102pF 


Propagation Delay 
| Area | ~——s=~Peerformance | 


7.93ns/pF 1.77ns/pF 
5.81ns/pF 1.40ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.66ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
DN 


CKB 


Sequential Cells 7-123 


Static D-Type Flip-Flop | FL2S1A 


Master-Slave clocking, data select Truth Table 
front end. 


OUTPUTS _| 


INPUTS | 

| | 
Grids 20, Transistors 32 DO D1 MCK SCK SD 
Inputs ; : 1 t 
DO,D1,MCK,SCK,SD xX 

Xx 
Outputs 
ny X = Don't care 
Capacitances 


DO D1 MCK SCK SD 


Area 0.027pF 0.029pF 0.059pF 0.056pF 0.054pF 
Perf 0.102pF 0.104pF 0.068pF 0.065pF 0.204pF 


Delay Information 


Propagation Delay 
From Area 
Area Perf. || Input Extrinsic | Intrinsic | Extrinsic _| Intrinsic | 


1.39ns 1.98ns/pF 0.58ns/pF 


1.50ns 3.24ns/pF 0.70ns/pF 
1.27ns 7.99ns/pF 1.73ns/pF 
1.50ns 5.75ns/pF 1.40ns/pF 
1.44ns 
1.73ns 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
D 
D1 
SD = DN 1p, Q 
2 r. pee 

SDN ) > HA D> o-p-He >] Q 

I = fd \/ QN 
DO MCKN 13 
MCK = | 


7-124 Sequential Cells 


Static D-Type Flip-Flop FL2S1B 


Master-Slave clocking, data select Truth Table 
front end, positive asynchronous preset. 


pire soos 

Grids 23, Transistors 36 | DO. D1 MCK SCK SD PD TQ ON. 
Inputs : fi 
DO,D1,MCK,SCK,SD,PD 1 is 

Xx A 
Outputs Xx | 
Q,QN X = Don't care 
Capacitances 


DO D1 MCK SCK SD PD 
Area | 0.027pF 0.029pF 0.057pF 0.059pF 0.054pF 0.057pF 
Perf | 0.102pF 0.104pF 0.065pF 0.067pF 0.204pF 0.207pF 


Delay Information 


Setup Propagation Delay 
Time To {| —Area_——s|_—~éPerformance__— 
Area__ Pert. Output | Extrinsic | Intrinsic | Extrinsic _| Intrinsic | 


6.01ns/pF 1.40ns/pF 


2.25ns/pF 0.58ns/pF 
2.11Nns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 
7.93nS/pF 1.73ns/pF 
8.79ns/pF 2.05ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
B 
MCK : - o 
ae aa Ok ar St . 
so / ) > > -—— Te > D>: pee ) > QN 


SCK 0 


Sequential Cells 7-125 


static D-Type Flip-Flop FL2S1CX 


Master-Slave clocking, data select 
front end, positive asynchronous clear, 
positive asynchronous preset. 


Truth Table 


INPUTS OUTPUTS 
. | OLD | NEW _ 
Grids 26, Transistors 42 DO Di MCK SCK SD PD CD TQ. QN|Q ON’ 
Inputs . eS 
DO,D1,MCK,SCK,SD,PDA,PDB,CD 0 
1 
Outputs X 
Q,QN X 
Capacitances X= Don't-care 
DO D1 MCK SCK SD PDA PDB CD 
Area 0.027pF 0.029pF 0.058pF 0.057pF 0.056pF 0.027pF 0.027pF 0.027pF 
Perf 0.102pF 0.104pF 0.065pF 0.065pF 0.206pF 0.102pF 0.103pF 0.102pF 


Delay Information 


| Area |_—Performance 
| Extrinsic | _ Extrinsic _| Intrinsic | 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


PDA 
MCK 


~ LA 


7-126 


7.99ns/pF 
3.24ns/pF 


8.32ns/pF 
4.03ns/pF 
2.11ns/pF 
3.24ns/pF 
9.38ns/pF 
8.72ns/pF 


1.73ns/pF 
0.70ns/pF 
2.05ns/pF 
1.07ns/pF 
0.62ns/pF 
0.70ns/pF 
2.14ns/pF 
2.01ns/pF 


Q 
“PP 


Sequential Cells 


Static D-Type Flip-Flop FL2S1D 


Master-Slave clocking, data select Truth Table 
front end, positive asynchronous Clear. 


INPUTS OUTPUTS 

. | OLD | NEW | 
Grids 23, Transistors 34 DO. D1. MCK SCK SD cD ra an|aQ ani 
Inputs as . . 
DO,D1,MCK,SCK,SD,CD , 0 

X 1 

Outputs X 0 
Q,QN X = Don't care 
Capacitances 


DO D1 MCK SCK SD CD 


Area | 0.027pF 0.029pF 0.057pF 0.059pF 0.054pF 0.057pF 
Perf | 0.102pF 0.104pF 0.065pF 0.067pF 0.204pF 0.207pF 


Delay Information 


Setup 

Time To | Areas |__—s#Peerformance _— 
Area__ Perf. Output | Extrinsic | Intrinsic| Extrinsic | Intrinsic | 

2.25ns/pF 0.58ns/pF 

6.01ns/pF 1.40ns/pF 

7.93ns/pF 1.73ns/pF 

8.79ns/pF 2.05ns/pF 

2.11ns/pF 0.58ns/pF 

3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


MCK 


SCK 


Sequential Cells 7-127 


static D-Type Flip-Flop FL2S1E 


Master-Slave clocking, data select Truth Table 
front end, negative asynchronous clear. 


| aasiee | OUTPUTS | 
| OLD | NEW | 
DO D1 MCK SCK SD CDN/Q QN_ 


Grids 23, Transistors 36 


Inputs 
DO,D1,MCK,SCK,SD,CDN 


Outputs 
Q,QN 


Capacitances 


CDN 


MCK SD 


DO D1 


Area | 0.027pF 0.029pF 0.057pF 0.059pF 0.054pF 0.057pF 
Perf | 0.102pF 0.104pF 0.065pF 0.067pF 0.204pF  0.207pF 


Delay Information 


Performance 


Propagation Delay 


Area Perf. 
7.93ns/pF 1.77ns/pF 


3.24ns/pF 0.70ns/pF 
2.05ns/pF 0.58ns/pF 
3.24ns/pF 0.70ns/pF 
9.38ns/pF 2.14ns/pF 
5.68ns/pF 1.40ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


MCK 
ey Pet 
D1 ‘ a wal A Q 


7-128 Sequential Cells 


Static D-Type Flip-Flop FL2S1FX 
Master-Slave clocking, data select Truth Table 


front end, negative asynchronous clear, 
INPUTS OUTPUTS 


positive asynchronous preset. 


| OLD | NEW | 
Grids 25, Transistors 40 DO. D1 MCK SCK SD PD CDN Ta an|a@ an’ 
Xx X X 4 X X 4 0 
sions SCK,SD,PDA,PDB,CDN X X X x 1 
’ ’ ’ ’ ’ ’ ’ 0 J x x 0 
1 uf X xX | 1 
Outputs X a Xx X10 
Q,QN X J ee ee 
Capacitances a= DONE Care 
DO D1 MCK SCK SD PDA PDB CDN 


Area | 0.027pF 0.029pF 0.058pF 0.057pF 0.056pF 0.027pF 0.027pF 0.060pF 
Perf | 0.102pF 0.104pF 0.065pF 0.065pF 0.206pF 0.102pF 0.103pF _0.210pF 


Delay Information 


Setup Propagation Delay 
Time | Area |__—Performance __ 


7.99ns/pF 1.77ns/pF 
3.24ns/pF 0.70ns/pF 
8.32ns/pF 2.01ns/pF 
4.03ns/pF 1.07ns/pF 
2.11ns/pF 0.62ns/pF 
3.24ns/pF 0.70ns/pF 
9.38ns/pF 2.14ns/pF 
8.72ns/pF 2.01ns/pF 


Area Perf. 


VDD=5V, T=25°C, Nominal Process. 
Motis Model 
B 
MCK: << 
> 
e QN 


Sequential Cells 7-129 


Static D-Type Flip-Flop FL2S1G 


Master-Slave clocking, data select Truth Table 
front end, negative asynchronous preset. | 
OUTPUTS 


sedicae [OLD 

: OLD | NEW | 
Grids 23, Transistors 34 DO. Di. MCK SCK SD PDN ra_oanta an 
Inputs ; : : 
DO,D1,MCK,SCK,SD,PDN 

X xX11 

Xx X10 
Outputs x x4 
Q,QN 


Capacitances 


DO D1 MCK SD PDN 


0.027pF 0.029pF 0.057pF 0.059pF 0.054pF  0.057pF 
Perf | 0.102pF 0.104pF 0.065pF 0.067pF 0.204pF _0.207pF 


Delay Information 


Setup Propagation Delay 
Time From To | Area | Performance | 
Area Perf. || Input Output | Extrinsic | Intrinsic | 


0.70ns/pF 
1.77ns/pF 
2.14ns/pF 
1.40ns/pF 
0.58ns/pF 
0.70ns/pF 


3.24ns/pF 
7.93nS/pF 
9.45ns/pF 
5.68ns/pF 
2.05ns/pF 
3.24ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


MCK 


7-130 Sequential Cells 


static D-Type Flip-Flop FL2S11 


Master-Slave clocking, data select Truth Table 


front end, positive synchronous clear. 
nPUTS 
DO Di MCK SCK SD CD{|Q QN|Q QN_ 


X T 1 


Grids 23, Transistors 34 


Inputs : : 
DO,D1,MCK,SCK,SD,CD 1 ar, 

Xx oO 1 
Outputs X 1 0 
Q,QN X = Don't care Note: CD does not function while SD=0 
Capacitances 


DO D1 MCK SCK SD CD 
0.027pF 0.027pF 0.057pF 0.056pF 0.057pF  0.027pF 
Perf | 0.102pF 0.102pF 0.065pF 0.065pF 0.207pF 0.102pF 


Delay Information 


Propagation Delay 
| Area | Performance 


1.73ns/pF 
1.40ns/pF 


0.58ns/pF 
3.24ns/pF | 0.87ns | 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
CDN 


SD es a 2 QN 
son\ / | & aa Cty > QN 


Sequential Cells 7-131 


static D-Type Flip-Flop FL2S1J 


Master-Slave clocking, data select Truth Table 
front end, positive synchronous preset. 


Grids 21, Transistors 32 


DO D1 MCK SCK SD PD|{Q QN| 
| X L 


Inputs _ . 
DO,D1,MCK,SCK,SD,PD | 4 
| X 
Outputs X 
Q,QN X = Don't care Note: PD does not function while SD=0 
Capacitances 


0.027pF 0.027pF 0.057pF 0.056pF 0.055pF 0.027pF 
1 0.102pF 0.102pF 0.065pF 0.065pF 0.206pF 0.102pF 


Delay Information 


Propagation Delay 
From To | Area | ‘Performance 
Area Pert. Output | Extrinsic | Intrinsic} Extrinsic | Intrinsic | 


7.99ns/pF 
5.75ns/pF 
1.98ns/pF 
3.24ns/pF | 


1.73ns/pF 
1.40ns/pF | 
0.58ns/pF 
0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


MCK. > 
syle 
. > 

»—J > 
PD 


SCK 


ee 
INPUTS one 
aon 


0 
1 
0 
, 
0 


QN 


7-132 Sequential Cells 


Static D-Type Flip-Flop FL2S1KX 
Master-Slave clocking, data select Truth Table 


front end, negative asynchronous clear, 
OUTPUTS 


negative asynchronous preset. INPUTS 
UT OLD | NEW | 


DO Di MCK SCK SD PDN CDN|Q QN| 
xX xX x x 


Grids 26, Transistors 40 


. 1 
eee SCK,SD,PDNA,PDNB,CDN | * X xX xX 0 0 
’ ’ ’ ’ f) ’ ’ 0 J * 0 1 
1 L tT  O xX 0 
Outputs : I . 
Capacitances X = Don't care 
DO D1 MCK SCK SD PDNA _— PDNB CDN 


Area | 0.027pF 0.029pF 0.057pF 0.057pF 0.056pF 0.027pF 0.027pF 0.027pF 
Perf | 0.102pF 0.104pF 0.065pF 0.065pF 0.206pF 0.102pF 0.103pF _0.102pF 


Delay Information 


Setup Propagation Delay 
Time From To {| Area | __— Performance __| 
Input Output | _Extrinsic_| 


1.98ns/pF 0.53ns/pF 
5.75ns/pF 1.36ns/pF 
6.47ns/pF : 1.40ns/pF 
12.75ns/pF 2.79nS/pF 
9.45ns/pF 2.14ns/pF 
8.72ns/pF : 2.01ns/pF 
2.11ns/pF 0.62ns/pF 
3.24ns/pF 0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 
PDNA: 


MCK > - 
se PAN 
[ic >+ 7} Trg >> aN 


Sequential Cells 7-133 


static D-Type Flip-Flop FL2S1L 


Master-Slave clocking, data select Truth Table 
front end, negative synchronous preset. 


Grids 23, Transistors 34 


DO D1 MCK SCK SD PDN|Q QN| 


Inputs 
D0,D1,MCK,SCK,SD,PDN 


Outputs 


Q,QN = Don't care Note: PDN does not function while SD=0 


Capacitances 


DO D1 MCK SCK SD PDN 
Area | 0.027pF  0.027pF 0.057pF 0.056pF 0.056pF  0.027pF 
Perf | 0.102pF 0.102pF 0.065pF 0.065pF 0.206pF 0.102pF 


Delay Information 


From To 
Input 


Propagation Delay 
| Area |__—~Performance 


1.73ns/pF | 0.87ns 
1.40ns/pF 

0.58ns/pF | 0.92ns 
0.70ns/pF | 0.73ns 


Area Perf. 


7.99ns/pF 
5.75ns/pF 
1.98ns/pF 
3.24ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


DO 


SCK pe ° 
SCKN 


ce 
| Q ON | 


: ™ Toa — 
=f ik 
DI Be 
: i” if Y 
— — 


0 
1 
0 
1 
0 


QN 


7-134 Sequential Cells 


static D-Type Flip-Flop FL2S1M 


Master-Slave clocking, data select Truth Table 
front end, negative synchronous clear. 


pues OUTPUTS 
Grids 21, Transistors 32 
Inputs A 
DO,D1,MCK,SCK,SD,CDN 1 
xX 
Outputs X 
Q,QN X 


= Don't care Note: CDN does not function while SD=0 
Capacitances 


DO D1 MCK SCK SD CDN 


Area | 0.027pF 0.027pF 0.057pF 0.056pF 0.057pF 0.027pF 
Perf | 0.102pF 0.102pF 0.065pF 0.065pF 0.207pF 0.102pF 


Delay Information 


Setup Propagation Delay 
Time To | _—Area_—s|__—~Performance _— 


Area__sCwPPrrff.. Output 

1.50ns 7.99ns/pF ; 1.73ns/pF 
1.79ns 5.75ns/pF ; 1.40ns/pF 
1.50ns 1.98ns/pF 0.58ns/pF 
1.56ns 3.24ns/pF 0.70ns/pF 
1.33ns 

1.79ns 

1.50ns 

1.85ns 

VDD=5V, T=25°C, Nominal Process. 


Motis Model 
Q 
MCK 
D1 
CDN 
SD 
QN 


SCK 


Sequential Cells 7-135 


' Static D-Type Flip-Flop FL2S1NX 


Master-Slave clocking, data select Truth Table 
front end, positive asynchronous clear, 


negative asynchronous preset. OUTPUTS 
wi | OLD 
Grids 25, Transistors 38 DO. Di MCK SCK SD PDN cD|Q QN 
Inputs . 
DO,D1,MCK,SCK,SD,PDNA,PDNB,CD 0 
Outputs : 
Q,QN Xx 
: X = Don't care 

Capacitances 

DO D1 MCK SCK SD PDNA PDNB CD 


0.027pF 0.029pF 0.057pF 0.057pF 0.056pF 0.027pF 0.027pF 0.060pF 
Perf | 0.102pF 0.104pF 0.065pF 0.065pF 0.206pF 0.102pF 0.103pF 0.210pF 


Delay Information 


Setup 
Time 


Input 


Propagation Delay 


Signal From To | Area | Performance | 
Name | Area Perf. || Input Output | Extrinsic _| Extrinsic | intrinsic 


2.31ns/pF 
6.01ns/pF 
6.47ns/pF 
12.75ns/pF 
9.45ns/pF 
8.72ns/pF 
2.11ns/pF 
3.24ns/pF 


0.58ns/pF 
1.40ns/pF 
1.40ns/pF 
2.79ns/pF 
2.14ns/pF 
2.01ns/pF 
0.62ns/pF 
0.70ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-136 Sequential Cells 


static R-S Flip-Flop FSOS1A 


Positive level S input, positive level Truth Table 
R input. 
Grids 5, Transistors 8 


Inputs 
S,R 


Outputs 
Q,QN 


X = Don't care 


Capacitances 


Area 0.027pF 0.027pF 
Perf 0.102pF 0.102pF 


Delay Information 


Propagation Delay 


Performance 


2.31ns/pF 0.58ns/pF 
8.98ns/pF 2.01ns/pF 
8.98ns/pF 2.01ns/pF 
2.31NSs/pF 0.58ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Sequential Cells 7-137 


Static R-S Flip-Flop FSOS1D 


Positive level S input, positive level Truth Table 
R input, positive asynchronous clear. 


Grids 6, Transistors 10 


Inputs : 
S,R,CD 0 
Outputs : 
Q,QN ‘ 
1 
X = Don't care 
Capacitances 


Area 0.027pF 0.027pF 0.027pF 
Perf 0.102pF 0.102pF 0.102pF 


Delay Information 


Propagation Delay 
| Area | Performance 


2.31nS/pF 0.53ns/pF 
8.98ns/pF 2.01ns/pF 
2.31NS/pF 0.53ns/pF 
8.98ns/pF 2.01ns/pF 
12.02ns/pF 2.63ns/pF 
2.31nS/DF 0.58ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-138 Sequential Cells 


Static R-S Flip-Flop FSOS7A 


Positive level S input, negative level Truth Table 
R input. 
Grids 5, Transistors 8 


Inputs 
S,RN 


Outputs 
Q,QN 


Capacitances 


Area | 0.027pF  0.027pF 
Perf | 0.102pF 0.102pF 


Delay Information 


Propagation Delay 


Performance 


12.68ns/pF 2.75ns/pF 
6.41ns/pF 1.40ns/pF 
6.01ns/pF 1.44ns/pF 
2.31NS/pF 0.58ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


Sequential Cells 7-139 


static R-S Flip-Flop | FS1S1A 


Positive level sense. 


Grids 7, Transistors 12 


Inputs 
S,R,CK 


Outputs 
Q,QN 


Capacitances 


Delay Information 


Area 0.027pF 0.027pF 0.056pF 
Perf 0.102pF 0.103pF 0.206pF 


Truth Table 


OUTPUTS 


| OLD | NEW | 
|Q QN/Q_ QN | 


0 0 
1 1 
0 0 
1 1 
X 0 
X 1 


= Don't care 


Propagation Delay 
| Area | Performance 


4.03ns/pF 1.07ns/pF 
11.03ns/pF 2.63ns/pF 
4.03ns/pF 1.07ns/pF 
11.03ns/pF 2.63ns/pF 
4.03ns/pF 1.07ns/pF 
11.03ns/pF 2.63ns/pF 
11.03ns/pF 2.63ns/pF 


4.03ns/pF 1.07ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


7-140 


Sequential Cells 


static R-S Flip-Flop FS1S3A 


Positive edge triggered. Truth Table 


| OLD | NEW | 
SN_RN  CK/] Q_ QN/Q = QN_ 
0 1 
1 0 
0 1 
1 0 


Grids 15, Transistors 24 


Inputs 


1 

SN,RN,CK : 
’ ’ xX 

X 


Outputs 
Q,QN 


Capacitances 


SN RN CK 


Area 0.028pF 0.027pF 0.114pF 
Perf 0.103pF 0.102pF 0.415pF 


Delay Information 


Setup Propagation Delay 
Time | Area ——s|_sPeerformance 


Area Perf. 
1.50ns 1.10ns 4.10ns/pF 1.07ns/pF 
1.50ns_ 1.04ns 11.10ns/pF 2.59ns/pF 
4.10ns/pF 1.07ns/pF 
11.10ns/pF : 2.59ns/pF 


VDD=5V, T=25°C, Nominal Process. 


Motis Model 


CK 


SN 
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Parameterized Macrocells Introduction 


This section describes the selection of parameterized macrocells available in the 0.9um CMOS 
Standard-Cell Library. These are functions that are customized into complete, functional building 
blocks to satisfy the requirements of the circuit at hand. Depending on the function, the final building 
block will be implemented as a densely-packed, pitch-matched array either stand-alone or in 
conjunction with a standard-cell circuit layout. Using a complex function block layout generator, many 
functions can be realized in a much more efficient manner‘than is possible with a standard-cell 
approach. Some examples of such functions are: 


¢ FIFO 

« Register File 
* SRAM 

« ROM 

- PLA 

¢ Shift Register 
¢ Multiplier 


Accessing Macrocells Through MACLOG 


These complex functions can be customized through MACLOG. MACLOG is a menu-driven program 
that allows you to configure a macrocell through specific variables. MACLOG provides general 
information about any of the macrocells and specific information about the characteristics and timing 
of your particular configuration. This will allow you to select and customize any of these macrocells to 
meet the specific circuit requirements. 
When the variables have been fully specified, you may automatically synthesize any or all of the 
following items: 
¢ Acustomized symbol for the macrocell, suitable for placement into the overall schematic 
diagram 
¢« Acustomized circuit model that will accurately simulate the behavior of the macrocell 
¢ Acustomized fault simulation model 
¢ Acustomized model for circuit hazard analysis 
¢ Asymbolic description of the block, suitable for use in circuit layout for automatic placement 
and routing 
¢ The mask artwork for the macrocell, to be included in the final chip layout 


For more detailed information regarding the generation and use of these cells, contact your AT&T 
representative. 
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Parameterized Macrocells | Introduction 


MACROCELL SELECTION GUIDE 


NAME DESCRIPTION 


CAM Content Addressable Memory 


CAMB Content Addressable Memory withBIST 


FIFO First-in First-out Memory 


MULTP Multiplier 


PLAC2B Programmable Logic Array 


SRAM Static Random Access Memory with BIST 


REGFILE Register File, sync. write, async. read 


REGFILEB _ Register File, sync. write, async. read with BIST 


ROM Read Only Memory 


SRGEN Dynamic Shift Register 
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Parameterized Macrocells Introduction 


CHARACTERISTICS AND TIMING 


The macrocells in this section have been characterized using worst case slow processing model files 
and 4.5 volts supply(VDD) at 125° C. The values as reported in the tables in this section, including 
coefficients to equations, have been converted to nominal processing and 5.0 V supply at 25°C 
using the derating factors provided in section 2. Using these derating factors will yield accurate 
results when converting to any of the worst case conditions previously mentioned. 

The switching characteristics for the macrocells reported in the tables were measured from 40% of 
the high input voltage to 40% of the high output voltage with a one nanosecond rise or fall time 
slope on the input signal as indicated in Figure 1. The timing requirements reported in the tables were 
also taken from 40% voltage levels with one nanosecond rise and fall times for input signals as indi- 
cated in Figure 2 


40% VDD 


Rise Delay Fall Delay 


40% VoD / 40% VoD 


Fall Delay Rise Delay 
en 


40% VbDpD 40% VDD 


Figure 1. Switching Characteristics 
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a safe 
D 
Input A Mano 


0 


Parameter 


40% VDD 


Parameter Parameter 


40% VDD 40% VDD 


af ue 


Figure 2. Timing Requirements 
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Content Addressable Memory CAM 
FUNCTIONAL DESCRIPTION AND FEATURES 


CAM is a parameterized static (Content Addressable Memory) function supported by automatic mask 
layout generation software. The layout of the CAM is implemented as a custom, pitch-matched array 
of cells that uses two-level metal and is very area-efficient. 


The CAM is also available with BIST implemented with standard cells. 
The CAM has been designed specifically for use on standard-cell chips, and as such, has overhead 
Circuitry already built-in including: 
¢ Negative edge-triggered data input latches 
¢« Negative edge-triggered address latches 
¢« Negative edge-triggered read-write latch 
¢ Positive edge-triggered latch on SM (Select Macro) input 
¢ Positive edge-triggered data output latches 
¢ Row decoding 
« Address match encoder 
« Low capacitance single clock input 
¢ Low power wild card inputs to match any contents within a data bit 
- "Select macrocell (SM) mode" 
e  3-statable data out and address match outputs 


CAM FUNCTION 


Two functions can be achieved by the CAM. One is a standard memory operation such as read/write 
data from/to the memory location specified by address inputs. Another is the search function. Any 
content stored in the CAM can be searched directly without using address input. The read/write 
operation is similar to SRAM. 


Match operation 


Inside the CAM, the search function is realized by a match operation. The match operation uses the 
Match input (M[N-1:0]) and generates the Address Match output (AM[M-1:0]) and Match 
output(M). The value of the Match input is compared to each word in the CAM. If a match exists 
between the Match input and any of the memory content, the Match output goes HIGH, and the 
Address match output will change to the address location where the match occurred. If a match does 
not occur, Match stays LOW. 


In the case of more than one match, the Match output still goes HIGH but the Address Match output 
will be invalid. The user must guarantee that multiple matches do not occur. This can be done by doing 
a match prior to writing new data. 


During the write mode, the contents of memory are changing, therefore the Match output may be 
unpredictable. 


Wild Card Operation 


The Wild Card operation allows the user to ignore bits of the data in the match operation. For 
example, if the n-th bit of WC is high, the n-th bit of M[N-1:0] will not be compared. The rest of the 
N-1 bits will be used for comparison. 


Parameterized Macrocells 8-5 


Content Addressable Memory CAM 


WC can be used to turn on/off match operation. If all bits of WC[N-1:0] are LOW the match 
operation is on. If all bits of WC[N-1:0] are HIGH the match operation is off. It is important to note 
that if all bits of WC are HIGH (i.e. match operation is off), Match out will go HIGH since a match 
will occur on each bit that is wild carded. 


WC can be used to save power. If a user is not interested in the match operation during a CAM 
operation, it is recommended that WC[N-1:0] be set HIGH. 


CAM can be customized by the number of words, W, and the number of bits/word, N. The valid 
range for these parameters are specified in the following table. 


W Words 
N Bits/Word 
M+ Address Bits 


t The number of address bits, M = integer( log(W) / log(2) ) + 1 


BLOCK DIAGRAM 


A[M-1:0] D[N-1:0] RW 


AM[M-1:0] 


CAM Core 
M 


Somer] fo tH Tio} eye 


M[N-1:0] QI[N-1:0] 


“CK also goes to I/O latches. 
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Content Addressable Memory CAM 


TERMINAL DESCRIPTIONS 


Netlist Order 
INPUTS: BIST,BFC,A[M-1:0], D[N-1 :0], M[N-1:0], RW,SM,CK,OE,WC[N-1 :0] 
OUTPUTS: Q[N-1:0],AM[M-1:0],M,BF,BC 


Inputs 
A[M-1:0] Address in (AO = LSB) 
D[N-1:0] Data in 
M[N-1:0] Match in 
RW Read/write (read = ’1’) 
SM Select macrocell (1 = active) 
CK Clock 
OE Output enable (1 = active; 0 = 3-stated) 
WC[N-1:0] Wild card (1 = active) 
Bl BIST input - for use with BIST, BI = 0 for functional operation 
Outputs 
Q[N-1:0] Data out 
AM[M-1:0] Address match 
M Match ( 1= match, 0 = no match) 
BO BIST output 
CHARACTERISTICS 


The parameters N, M, W, and L are used in the following equations, which can be used to estimate 
the characteristics for a CAM that is W words by N bits per word with M address bits. L is the 
number of matching words. 


Parameter Value | Unit. 


Height 14.6W+712.65 
Width 31.6N+43.75M+366.75 


Transistors ONW+NM+210N+47W-+115M+560 


5 


5 NW+0.00095W +0.0063N +0.043) 


Power: L matches (8.8x10° ‘ 
-6.3x10 "xNLxF VDD 


xFxVDD 


Power: deselected | (0.21N+0.11M+0.39)xFxVpp “/1000 


Input Capacitance 
0.011 
0.011 
0.031 
0.015 
0.683+0.14M+0.23N 
0.053 
0.163+0.052 M+0.062N 
WC[N-1:0] | 0.017N 
BI 0.047 
Output Capacitance 
Q|N-1 :0] 0.064 
AM[M-1:0] | 0.060 
M 0.077 
BO 0.077 


where VDD = the power supply voltage, and F = the clock frequency, in MHz. 
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Vpp=5.0V,T=25°C,NOM Processing 
INPUT OUTPUT | ns/pF 


AM[M-1:0] 


M 


BO 


QIN-1:0] 


Q[N-1:0],AM[M-1:0] 


Q([N-1:0],AM[M-1:0] 


+ Unavailable at time of publication 


All inputs except SM setup before CKL 


All inputs except SM hold after CKL 
SM setup before CKT 

SM hold after CKT 

Minimum CK pulse low 


Minimum CK pulse high 
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CAM 


Content Addressable Memory 


TIMING DIAGRAM 


DESE cre] 


A[M-1:0] 
D[N-1:0] 

RW 

SM 

M[N-1:0] 


WC[N-1:0] 


AM[M-1:0] 


Q[N-1:0] 
Match Desel- 


No Match Match 
cycle | from write ected 
2 cycle n+3 


Note: Bl=0,OE=1 
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Content Addressable Memory CAM 
USER NOTES 


Characterization - For specific information on conditions of characterization, please refer 
to the introduction to this chapter under CHARACTERISTICS AND TIMING. 
Select Macrocell - The SM lead can be used for several applications: 
¢ Reduction of power. When the internal clocking is not activated, the power is greatly 
reduced while the memory contents and the data outputs are unaffected. Only the I/O 
latches are allowed to clock data in or out. 
¢ Sub-dividing a large CAM into several smaller CAMs for speed enhancement. Here, 
only one of the smaller CAMs needs to be activated at any one time. Common data 
and address input busses can be shared by using the SM inputs to multiplex. 
¢ Leaving a CAM in the write mode as a default may easily modify the CAM contents. 
Leaving a CAM in the read mode as a default may easily modify the CAM outputs. 
Leaving a CAM in the deselect mode with SM off ensures that the CAM contents 
and data outputs remain unmodified. 


Output Enable - The OE affects both the Q([N-1:0] and AM[M-1:0] outputs. OE = 1 yields a 
valid output, while OE = 0 gives a high impedance state. 


No Match - When no matches occur, the AM[M-1:0] outputs will all go to a aie "1". The 
user must use the Match output to determine if the AM is valid. 


Interfacing - The CAM is designed to operate synchronously with negative edge-triggered 
flip-flops on all of the inputs except the SM lead. The SM is edge-triggered off of the 
positive edge. The SM can be driven from a negative edge flip-flop, but care must be 
exercised in meeting the necessary setup time. 


The outputs become valid on the next positive edge after the inputs are latched. This can be 
used to drive positive edge flip-flops. If negative edge flip-flops are driven by the outputs, 
timing constraints must be carefully checked. 

Clock generator - The internal clock generator for the CAM triggers off the negative edge 
of CK. 
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Content Addressable Memory with BIST CAMB 
FUNCTIONAL DESCRIPTION AND FEATURES 


BIST CAM (Content Addressable Memory) is a parameterized static function supported by automatic 
mask layout generation software. The layout of the CAMB is implemented as a CAM core surrounded 
by standard-cell BIST logic. The output produced by this generator is an XYMASK of a CAM and an 
LSL which describes the interconnection of the core and the surrounding BIST logic. Specifics on 
the normal function of the CAMB can be found in the CAM data sheet. 


The CAMB has been designed specifically for use on standard-cell chips, and as such, has overhead 
Circuitry already built-in including: 


¢ Fully tested memory array 

e« Negative edge-triggered data input latches 

« Negative edge-triggered address latches 

¢ Negative edge-triggered read-write latch 

¢ Positive edge-triggered latch on SM (Select Macro) input 
« Positive edge-triggered data output latches 

e Row decoding 

« Address match encoder 

« Low capacitance, single clock input 

¢ Low power wild card inputs to match any contents within a data bit 
¢« "Select macrocell (SM) mode" 

«  3-statable data out and address match outputs 


CAMB can be customized by the number of words, W, and the number of bits/word, N. The valid 
range for these parameters are specified in the following table. 


t The number of address bits, M = integer( log(W) / log(2) ) + 1 
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BLOCK DIAGRAM 


Controller 


Pattern Generator | 


WC[N-1:0] i 


WE 


REGFILE 


Compressor 


TERMINAL DESCRIPTIONS 


Netlist Order 
INPUTS: BIST,BFC,A[M-1 :0],D[N-1:0],M[N-1:0], RW,SM,CK,OE,WC[N-1 :0] 
OUTPUTS: Q[N-1:0],AM[M-1:0],M,BF,BC 


8-12 


Inputs 


BIST 
BFC 
A[M-1:0] 
D[N-1:0] 
M[N-1:0] 
RW 

SM 

CK 

OE 
WC[N-1:0] 


Outputs 


QIN-1:0] 
AM[M-1:0] 
M 

BF 

BC 


BIST control (BIST=1 active) 

BIST flag check (BFC=1 active) 

Address in (AO = LSB) 

Data in 

Match in 

Read/write (read = ’1’) 

Select macrocell (SM=1 active) 

Clock 

Output enable (OE=1 active; OE=0 3-stated) 
Wild card (active-high) 


Data out 

Address match 

Match ( 1= match, 0 = no match) 
BIST flag 

BIST complete (BC=1 BIST complete) 


CAMB 
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Content Addressable Memory with BIST CAMB 
CHARACTERISTICS 


Since the BIST portion of the CAM consists of standard cells that are placed and routed during the 
normal layout of the entire device, it is not possible to precisely define all of the timing characteristics 
of this block. All of the BIST logic is synchronous, minimizing the hazards in layout. The final 
characterization is done in a manner consistent with the bulk of the standard-cell logic, namely, using 
CRITIC or timing simulation. All of the characteristic numbers given below are approximate, and may 
be either better or worse depending on the layout. 


The parameters N, M and W are used in the following equations, which can be used to estimate the 
characteristics for a CAMB that is W words by N bits per word with M address bits, and L is the 
number of matching words. 


Parameter Value | Unit 


Grids 836 + 48.4N + 53M ( + /-3) Grids 
BIST Test Length 17 x 2M +6N +9 CK Cycles 
Block Height 14.6W + 712.65 uum 
Block Width 31.6N + 43.75M + 366.75 

Block Transistors ONW + NM+ 210N + 47W + 115M + 560 


Block Power: L matches | (8.8 x 10™ NW + 0.00095W + 0.0063N it 0.043) 
x Fx Vob © -6.3 x 10 "x NLx F Vppb 


Block Power: deselected | (0.21N + 0.11M + 0.39) x F x Vpop 7/1000 


Input Capacitance 
0.104 
0.104 
0.104 
0.104 
2.1 + 0.4M+0.5N 
0.104 
0.104 
WC[N-1:0] | 0.017N 
BIST+ 0.9 + 0.9N + 0.3M 
BFCt 
Output Capacitance 
Q[N-1:0] 


+ Capacitance includes 0.1 pF for each fanout within the standard cells. 
All capacitances for performance-optimized standard cells. 
VDD = the power supply voltage, and F = the clock frequency, in MHz. 
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Se 
Vod=5.0V,T=25°C,NOM Processing 
INPUT OUTPUT | ns/pF 


AM[M-1:0] 
M 
BO 


Q|N-1:0] 


Q[N-1:0], AM[M-1:0] 
Q{N-1:0],AM[M-1:0] 


BF 
BC 


Above timing for performance-optimized standard cells. 
+ Unavailable at time of publication 


A[M-1:0], D[N-1:0], M[N-1:0],RW setup before CKL 
A[M-1:0], D[N-1:0], M[N-1:0], RW hold after CKL 


SM setup before CKT 
SM hold after CKT 


Minimum CK pulse low 
Minimum CK pulse high 


BIST setup before CKT 
BIST hold after CKT 


BFC setup before CKT 
BFC hold after CKT 


Above timing for performance-optimized standard cells. 
+ Unavailable at time of publication 
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Content Addressable Memory with BIST CAMB 
TIMING DIAGRAM 


FUNCTIONAL OPERATION 


pesevecrn 


A[M-1:0] 


D[N-1:0] 


M[N-1:0] 


WOIN-1:0) YK XODK 0° DK 22 IK IR IR 


AM[M-1:0] 
QIN-1:0] 


No Match Match Match Desel- 
from cycle from write ected 
n+2 cycle n+3 


Note: BIST=0,OE=1 
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BIST OPERATION 


17° Migenat1 
17¢2M 6.41 14x 
17°2M6.N+124X 


CYCLES 0 1 aio 17:2M,2 
CK oy A ae Ee a = r 
+ j= BFCSU a Pf : : <_BFCH 


OFLA, 


i—-% @ @ -i-—__+- 8 @ @ -- ——_- 9 © @ —_+_——_46 0 — 


—-000-— ; ; +000 —--——_—— 0 0 0 — 


@® A low BIST signal must be latched into the CAM to properly start initializing it for BIST. 
CAM is placed in the BIST mode. 


The CAM contents have all been initialized by this clock cycle. This fact can be used to initialize all of 
the CAMs in a chip circuit. One can then take the CAM out of BIST mode and begin testing the 
entire circuit with known CAM contents. 


Internal memory test is completed. BF may go high at anytime up to this point. If BF goes high, it 
will remain high. BIST checking now begins. 


BIST overhead checking is now complete. BC will toggle high at this time. BF will also go high if any 
faults are detected here. As before, if BF goes high, it will remain high. 


BF should be checked at this time. If it is high, the CAM is bad. One can wait any amount of time to 
make this check (call it X cycles). 


BFC is toggled high to check for a stuck-at-0 fault on the BF output. 
One cycle after a high BFC input has been latched into the CAM, the BF output should toggle high. 


O@0 8 8 © oO®@ 


First valid access of the CAM after coming out of BIST should occur at this time 


The remaining input signals not found above may have any logic value "0 or 1". 
Outputs Q[N-1:0] will change with each read that occurs with the BIST vectors providing 


that the input OE is held at a logic value of "1". These outputs will also change on the 
positive edge of the clock CK. 
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Content Addressable Memory with BIST CAMB 
USER NOTES 


Characterization - For specific information on conditions of characterization, please refer 
to the introduction to this chapter under CHARACTERISTICS AND TIMING. 


Function - Consult USER NOTES for the CAM for functional information. 


BIST Algorithm - The BIST algorithm provides 100% fault coverage for stuck-at faults, 
transition faults, coupling faults, and addressing (decoder) faults. A more detailed 
explanation of the BIST algorithm is available through MACLOG. 


Timing Issues - The layout of the BIST standard-cell circuitry will affect the performance 
during the application of the BIST test as well as the timing parameters in the normal mode. 
The BIST circuitry is synchronous, and therefore the layout will only affect the speed of the 
block, not its function. 

The BIST places SD210 multiplexers in front of the normal 1/O of the REGFILE to gain 
access during the BIST test. The clock (CK) does not get delayed. 

BIST interface - The BIST interface is identical to all of the macrocell BIST interfaces in 
terms of pins and logical timing. The interface is clocked from the positive edge of the clock, 
so there are half cycle timing considerations that must be accounted for when using the 
BIST at high clock rates. 


Boundary Scan - This block can be interface with the BSBRIC if JTAG Boundary Scan is 
being used. See the Boundary Scan section of this catalog. 
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FIFO Memory . FIFO 
FUNCTIONAL DESCRIPTION AND FEATURES 


FIFO is a parameterized first-in first-out memory function supported by automatic layout generation 
software. The synthesis of the FIFO is accomplished in two sections. The FIFO memory array is 
implemented as a custom, pitch-matched array of cells that is very area-efficient. The FIFO control 
and status logic is implemented as a standard-cell layout using performance-optimized cells. 


FIFO has been designed specifically for use on standard-cell chips and has the following features: 


e First-in first-out buffer memory 

e« Independent asynchronous inputs and outputs 
e  3-state outputs 

e Organized as W words of N bits 

¢ Dual port RAM architecture 

« Empty and full status flags 


The FIFO can be customized with the following parameters: 


NOTE: This is a preliminary Data Sheet. Contact your AT&T 
representative for current information. 
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Parallel Multiplier MULTP 
FUNCTIONAL DESCRIPTION AND FEATURES 


MULTP is a parameterized, two’s complement, parallel multiplier function supported by automatic 
layout generation software. The layout of the MULTP is implemented as a custom, pitch-matched 
array of cells that is very area-efficient. 
MULTP has been designed specifically for use on standard-cell chips and has the following features: 

e« Asynchronous operation 

¢ Organized as N multiplier bits by M multiplicand bits 

- Two’s complement data format 

¢ Three-bit Booth encoding of multiplier bits which halves the number of shift-adds needed 

e Carry-save adder array generates partial products in parallel 

- Fast twin adders using two-bit look-ahead technique are used for carry-propagate and final 

product generation 

The MULTP can be customized with the following parameters: 


Multiplier Bits 
Multiplicand Bits 


BLOCK DIAGRAM 


Carry-Save 
Adder 
Array 


Twin Adders 


P[N:N+M-1] 


NOTE: This is a preliminary Data Sheet. Contact your AT&T 
representative for current information. 
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Programmable Logic Array PLAC2B 


FUNCTIONAL DESCRIPTION AND FEATURES 


PLAC2B is a parameterized clocked PLA function supported by automatic mask layout generation 
software. The layout of the PLAC2B is implemented as a custom, pitch-matched array of cells that is 
very area-efficient. 


The PLAC2B has been designed specifically for use on standard-cell chips, and has overhead circuitry 
already built-in including negative edge-triggered output latches and negative level-sense input 
latches. The PLAC2B can be used to implement sequential state machines. 


The PLAC2B can be customized with the following parameters: 


Parameter | Description 


[increment | Min | Max 
1 
1 
1 


Data Inputs N +M < 100 


N +M < 100 


Data Outputs 


Product Terms P < 200 


NOTE: This is a preliminary Data Sheet. Contact your AT&T 
representative for current information 
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FUNCTIONAL DESCRIPTION AND FEATURES 


REGFILE is a parameterized, register file function supported by automatic mask layout generation 
software. The layout of the REGFILE is implemented as a custom, pitch-matched array of cells 
designed to be area-efficient. 


REGFILE has been designed specifically for use on standard-cell chips and has the following 
features: 
¢ Dual-port addressing permits simultaneous reading and writing 


¢ Synchronous write operation through port A 

¢ Asynchronous read operation through port B 

¢« Negative edge-triggered input latches on port A for address, data, and write enable 
¢  3-statable outputs 

¢« Requires a single clock for proper synchronous write operation 


REGFILE can be customized by its number of words, W, and number of bits per word N. The valid 
range for these parameters is specified in the following table. 


WwW Words 
N Bits/Word 
M+ Address Bits 


T The number of address bits, M = integer( log(W) / log(2) ) + 1 


BLOCK DIAGRAM 


CK 


D[N-1 :0] Input Data Write 
Latches Enable 


Buffer 


AB[M-1:0] Read Address Address Write AA(O:M-1] 
Address Decoder Decoder Address 


_| MEMORY 


Buffers Block BLOCK Block Buffers 


3-state 
Q(N-1:0]) < =| Output 
Buffers 
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TERMINAL DESCRIPTIONS 

Netlist Order 
INPUTS:AA[M-1 :0],D[N-1:0], WE,AB[M-1 :0],OE,CK 
OUTPUTS:Q|N-1:0] 

Functional Descriptions 


Inputs 
AA[M-1:0] Address bits on port A (write) 
D[N-1:0] Data inputs 
WE Write enable 
AB[M-1:0] Address bits on port B (read) 
OE Output enable 
CK Write clock 
Outputs 
Q[N-1:0] Data outputs 
CHARACTERISTICS 


The parameters W, N and M can be used to estimate the characteristics for a REGFILE that is W 
words by N bits per word with M address bits. 


Parameter Value ___| Unit | 


Height 388+13W 
Width 205+28N+36M 
Transistors 90+19W+55N+84M+8WN+3WM 


(Vop 7/1000) x(69 
Powert +Fr(1.34+0.040W+1.3N+1.1M+0.008WN+0.034WM) 
+Fw(2.0+0.034W+0.7N+1.0M+0.010WN+0.037WM)) 
Input Capacitance 
0.023 
0.032 
0.058 
AB[M-1:0] | 0.192 
OE 0.078N 
CK 0.216+0.058N+0.046M 


Output Capacitance 
Q\N-1:0] 0.080 


T VDD=power supply potential (Volt), Fr=frequency of read access (MHz), and Fw=write clock frequency (MHz) 
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Register File REGFILE 


SWITCHING CHARACTERISTICS 
VbpD=5.0V,T=25°C,Nom Processing 


pore | adr] "ar [ae 
INPUT OUTPUT ns/pF 


AB[M-1:0] | Q[N-1:0] | 9.0+0.016W+0.04N+0.2M 


CKL Q[N-1:0] | 6.6+0.05W+0.05N+0.02M 


OE QIN-1:0] 
OE QI[N-1:0] 


TIMING REQUIREMENTS 
VpbD=5.0V,T=25°C,Nom Processing 
|_____—dDescription 


e Value 


=== esenpten = _ Unit _ 
WE setup before CKL 1.8+0.016W+0.1M 
WE hold after CKL 0.0 
AA(M-1:0] setup before CKL | 1.8+0.016W+0.1M 
AA[M-1:0] hold after CKL 0.0 
D[N-1:0] setup before CKL 1.8+0.016W+0.03N 


D[N-1:0] hold after CKL 0.0 


Minimum CK pulse low 1.5+0.006W+0.06N 
Minimum CK pulse high 2.64+0.016W 


TIMING DIAGRAM 


CKPL , CKPH 


= 


Ko Nee Ne 


AAIM-1:0] 


an) —— kak >a 


Bi 


* CKQ 


AB[M-1:0] AB[M-1:0] = AA[M-1:0] 
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Register File REGFILE 


USER NOTES 
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Characterization - For specific information on conditions of characterization, please refer 
to the introduction to this chapter under CHARACTERISTICS AND TIMING. 


BIST Availability - A standard-cell implementation of BIST circuit is available for REGFILE. 
The BIST version of the REGFILE is described under REGFILEB in this section of the 
catalog. 


Test - If BIST is not used, the BIST algorithm is available from MACLOG to assist in vector 
writing. It is recommended that the entire BIST algorithm be used to test non BliSTed 
REGFILEs. 


Interfacing - The REGFILE is designed for synchronous operation with negative edge- 
triggered flip-flops driving the write port. The write port could also be driven by positive 
edge-triggered flip-flops, but care needs to be given to set up and hold times with the half- 
cycle clocking scheme. Since the READ port is not clocked, it may be driven by either 
asynchronous signals, or from internally derived addresses from either negative or positive 
edge flip-flops. The delay before data out (Q[N-1:0]) is valid, and is measured from the last 
READ ADDRESS that changed. 


Single Port RAM mode - If the AA and AB address busses are tied together, the REGFILE 
acts like a single-port RAM. The write is synchronous, and the read is asynchronous. The 
output data Q[N-1:0] will change twice for every write; once when the address changes, and 
again when the new data is written. 
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BIST Register File REGFILEB 
FUNCTIONAL DESCRIPTION AND FEATURES 


BIST REGFILE is a parameterized register file function supported by automatic mask layout 
generation software. The layout of the BIST REGFILE is implemented as a REGFILE core, 
surrounded by standard-cell BIST logic. The output produced from this generator is XYMASK of a 
REGFILE, and an LSL which describes the interconnection of the core and the surrounding BIST 
logic. 
BIST REGFILE has been designed specifically for use on standard-cell chips and has the following 
features: 

¢ Automatically generated BIST logic which tests itself and the core Register File 

¢ Separate Read/Write addressing permits simultaneous reading and writing 

¢ Asynchronous read operation 

¢ 3-statable outputs 

¢ Synchronous write operation requiring a single clock 

¢ Organized as W words of N bits 

* Negative edge-triggered address and input data registers 


REGFILE can be customized with parameters N and W of the following table: 


Descriptions 


Bits/Word 


| Limits 


Address Bits 


t The number of address bits, M = integer( log(W) / log(2) ) + 1 
BLOCK DIAGRAM 


AB[M-1 ig 
AA[M-1:0] 
D[N-1.:0] 


Pattern Generator 
\_/ 


REGFILE 
i QIN-1:0] 


a 
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BIST Register File 
TERMINAL DESCRIPTIONS 


Netlist Order 


INPUTS: BIST,BFC,AA[M-1:0], D[N-1:0], WE,AB[M-1:0],0E,CK 


OUTPUTS: Q[N-1:0],BF,BC 


Functional Descriptions 
inputs 
BIST 
BFC 
AA[M-1:0] 
D[N-1:0] 
WE 
AB[M-1:0] 
OE 
CK 


Outputs 
Q(N-1:0] 
BF 
BC 


CHARACTERISTICS 


BIST test mode (active-high) 
BIST flag check (active-high) 
Address bits on port A (write) 
Data inputs 

Write enable 

Address bits on port B (read) 
Output enable 

Write clock 


Data outputs 
BIST flag 


REGFILEB 


BIST complete (BIST test complete = '1’) 


Since the BIST portion of the REGFILE consists of standard cells that are placed and routed during 
the normal layout of the entire device, it is not possible to precisely define all of the characteristics of 
this block. All of the BIST logic is synchronous, minimizing the hazards in layout. The final 
characterization is done in a manner consistent with the bulk of the standard-cell logic, namely, using 
CRITIC or timing simulation. All of the characteristic numbers given below are approximate, and may 
be either better or worse depending on the layout. 
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BIST Register File REGFILEB 


|__Parameter | tent 


Grids 

BIST Test Length 
Block Height 
Block Width 
Block Transistors 


Block Powertt 


Input Capacitance 
BIST 
BFC 
AA[M-1:0] 


AB[M-1:0] 
OE 
CK 


Output Capacitance 


Q(N-1:0] 
BF 


BC 


462+29N+45M+3.52N+1.76M (+/- 3) Grids 
17*(2**M)+4*°N+2 CK Cycles 
388+13W um 
205+28N+36M um 
90+19W+55N+84M+8WN+3WM 


(Vo 7/1000)>(69.1 
+Fr(1.3+0.040 W+1.3N+1.1M+0.008WN+0.034WM) 
+Fw(2.0+0.034W+0.7N+1.0M+0.010WN+0.037WM)) 


3.7+0.6M{ 
0.104 

0.104 

0.102 

0.104 

0.104 

0.102 
2.7+0.36(M+N)t 


Tt VDD=power supply potential (Volt), Fr=frequency of read access (MHz), and Fw=write clock frequency (MHz) 


Includes ~.1pF routing capacitance per fan-out 
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BIST Register File REGFILEB 


| SWITCHING CHARACTERISTICS 

VpD=5.0V,T=25°C,Nom Processing | 

me | [ain] "a= _ [oar 
INPUT OUTPUT ns/pF 


AB[M-1:0] | Q[N-1:0] | 9.1+0.016W+0.04N+0.2Mt | 


CKQ CKL Q(N-1:0] | 6.7+0.05W+0.05N+0.02Mt 


BFRF CKT BF 1.2 
BCRF CKT BC 1.1 
OEQ OE Q[N-1:0] 1.0 
OEHIZ++ OE Q[N-1:0] 1.0 


t Includes 0.1pF routing capacitance 


tt OEHIZ is the time required before Q[N-1:0] is in the high impedance state. 
Above timing for performance-optimized standard cells only 


TIMING REQUIREMENTS 
Vobd=5.0V,T=25°C,Nom Processing 


Symbol |___Description _|__Value__ 


WE setup before CK+ 2.8+0.016W+0.1M + 
WE hold after CK+ 0.0 


AA[M-1:0] setup before CK}+ | 2.8+0.016W+0.1M+ 
AA[M-1:0] hold after CKt 0.0 


D[N-1:0] setup before CKt 2.8+0.016W+0.03NF 
D[N-1:0] hold after CKt 0.0 


BFC setup before CKT 
BFC hold after CKL 


BIST setup before CKT 
BIST hold after CKT 


Minimum CK pulse low 1.54+0.006W+0.06N}+ 
Minimum CK pulse high 2.6+0.016Wtt 


t Includes 1 ns delay to account for the routing dependent BIST circuitry 


tT BIST circuitry may require powering up to obtain this Minimum CK Pulse Width. 
Above timing for performance-optimized standard cells only 
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BIST Register File REGFILEB 


TIMING DIAGRAMS 


FUNCTIONAL OPERATION 


CKPL , CKPH 
ees 


CKO NY NN 


D[N-1: 
AA(M-1: A 


ant) —— kek ey 


B 
AB[M-1:0] | AB[M-1:0] = AA[M-1:0] 


Parameterized Macrocells 8-29 


BIST Register File REGFILEB 
BIST OPERATION 


17° M442 
1702M, 4-N12+X 


CYCLES 0 1 2Mio = -17-2My0 17:2MsdeNa3sX 


CK Se ee ee 7 
er = fy ze _BFCH 


BCAA. 


id | Sra 


“000 -+—_+- 000 -+—_+- 000 -+__+ 000 -+ 


—-000 ——— : 000 ———_e 00 — 


: : : : : LZ 7 
+—- © © © -—+--_—; 8 © © —;-—_—:- 6 08 — : H 


®) A low BIST signal must be latched into the REGFILE to properly start initializing it for BIST. 
REGFILE is placed in the BIST mode. 


The REGFILE contents have all been initialized by this clock cycle. This fact can be used to initialize all of 
the REGFILEs in a chip circuit. One can then take the REGFILE out of BIST mode and begin testing the 
entire circuit with known REGFILE contents. 


Internal memory test is completed. BF may go high at anytime up to this point. If BF goes high, it 
will remain high. BIST checking now begins. 


BIST overhead checking is now complete. BC will toggle high at this time. BF will also go high if any 
faults are detected here. As before, if BF goes high, it will remain high. 


BF should be checked at this time. If it is high, the REGFILE is bad. One can wait any amount of time to 
make this check (call it X cycles). 


BFC is toggled high to check for a stuck-at-0 fault on the BF output. 
One cycle after a high BFC input has been latched into the REGFILE, the BF output should toggle high. 


OOO 89 G@ © O®@ 


First valid access of the REGFILE after coming out of BIST should occur at this time 


The remaining input signals not found above may have any logic value "0 or 1”. 
Outputs Q[N-1:0] will change with each read that occurs with the BIST vectors providing 


that the input OE is held at a logic value of "1". These outputs will also change on the 
positive edge of the clock CK. 
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BIST Register File REGFILEB 


USER NOTES 


Characterization - For specific information on conditions of characterization, please refer 
to the introduction to this chapter under CHARACTERISTICS AND TIMING. 


BIST Algorithm - The BIST algorithm provides 100% fault coverage for stuck-at faults, 
transition faults, coupling faults, and addressing (decoder) faults. A more detailed 
explanation of the BIST algorithm is available through MACLOG. 


Timing Issues - Since the internodal capacitances are determined during layout, the layout 
of the BIST circuitry will affect the performance of the BIST mode as well as the timing 
parameters in the normal mode. Since the BIST circuitry is synchronous the layout will only 
affect the speed of the block, not its function. 


The BIST places SD210 and SD211 multiplexers in front of the normal I/O of the REGFILE 
to gain access during the BIST test. The clock (CK) does not get delayed. 


BIST Interface - The BIST interface is standardized in terms of pins and logical timing for 
all macrocells. The interface is clocked from the positive edge of the clock, so there are half- 
cycle timing considerations that must be looked at when using the BIST at high clock rates. 


Boundary Scan - This block can be interface to the BSBRIC if Boundary Scan is used. 


Multicell BIST - The BIST standard-cell logic may be shared between more than one 
REGFILE of the same configuration. The user must modify the BIST circuitry to take 
advantage of this. 
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Read Only Memory ROM 
FUNCTIONAL DESCRIPTION AND FEATURES 


ROMS1A is a parameterized static fully decoded ROM function supported by automatic layout 
generation software. The layout of the ROMS1A is implemented as a custom, pitch-matched array of 
cells that is very area-efficient. 

The ROMS1A has been designed specifically for use on standard-cell chips, and as such, has 
overhead circuitry already built-in including positive edge-triggered output latches and full column and 
row decoding. Input latches are NOT included with the ROMS1A. Addresses should be latched with 
standard-cell flip-flops. 


The ROMS1A can be customized with the following parameters: 


pect | 


Bits/Word 


Address bits 


Words 


BLOCK DIAGRAM 


NOTE: This is a preliminary Data Sheet. Contact your AT&T 
representative for current information 
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STATIC RANDOM ACCESS MEMORY SRAM 
FUNCTIONAL DESCRIPTION AND FEATURES 


SRAM is a parameterized static RAM function supported by automatic mask layout generation 
software. The layout of the SRAM is implemented as a custom, pitch-matched array of cells that uses 
two-level metal and is very area-efficient. 


The SRAM has been designed specifically for use on standard-cell chips, and as such, has overhead 
Circuitry already built-in including: 

¢ Built-In self-test mode 
Selectable positive/negative edge-triggered input latches 
Selectable positive/negative edge-triggered address latches 
Selectable positive/negative edge-triggered read-write latch 
Selectable positive/negative edge-triggered output latches 
Column and row decoding 
A single clock 
Address increment (Al) mode 
Address hold (AH) mode 
Select macrocell (SM) mode 
3-statable outputs 
¢« Scan-test mode 


SRAM can be customized by its number of words, W, and number of bits per word N. The valid 
range for these parameters are specified in the following table. 


Bits/Word 
Address Bits 


BLOCK DIAGRAM 


CK,BIST,STSTN D[N-1:0],ETISD 


Data Latches 


en @eeeeeaeseves seeseaavecses 


A[M-1 :0] 
AI,AH,RW Address/RW 
SI,ETISA Latches 
ETISR 


ees eereneevsesehbevesan 


Output Latches 


ADDRESS BLOCK BLOCK 
SD OE,ETOS Q[N-1:0] 
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STATIC RANDOM ACCESS MEMORY 


SRAM 


TERMINAL DESCRIPTIONS 


Netlist Order 
INPUTS: A[M-1:0], D[N-1:0], RW,SM,CK,OE,ETISA,ETISD,ETISR,ETOS, 
Al,AH,BFC,BIST,SI,SD,STSTN 
OUTPUTS: Q([N-1:0],BF,BC,SO 
Inputs 
A[M-1:0] Address in (AO = LSB) 
D[N-1:0] Data in 
RW Read/write (Read = '1’) 
SM Select macrocell (active-high) 
CK Clock 
OE Output enable (active-high; output 3-stated when low) 
ETISA Positive edge-triggered input select for addresses (active-high) 
ETISD Positive edge-triggered input select for data (active-high) 
ETISR Positive edge-triggered input select for read/write (active-high) 
ETOS Positive edge-triggered output select (active-high) 
Al Address increment (active-high) 
AH Address hold (active-high) 
BFC BIST flag check (active-high) 
BIST BIST test mode (active-high) 
Sl Scan-in data 
SD Select data (active-high) 
STSTN Scan-test mode (active-low) 
Outputs 
Q\[N-1:0] Data out 
BF BIST flag (good device ) 
BC BIST complete (BIST test completed = ’1’) 
SO Scan-out data 
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STATIC RANDOM ACCESS MEMORY 


CHARACTERISTICS 


The parameters W, N and M can be used to estimate the characteristics for an SRAM that is W 
words by N bits per word with M address bits. 


SRAM 


|__ Parameter {| Vale | it 


Address block 
Height 
Width 
Transistors 


Main block 
Height 
Width 
Transistors 


Powert 
Functional Mode 


Deselected Mode 


BIST Test Length 


Input Capacitance 


Output Capacitance 
Q[N-1:0] 
BF 
BC 
SO 


254.25 
840.30+61.4M 
1840+191M 


740.10+(31.7/8)W 
204.80+53.2N+7.1M 
488+490N+46M+4.25W+6NW+0.25 MW 


(VDD°F/1000)x(17.0 
+2.64M+0.17W+10.2N+0.00845NW 
+0.00455MW42.96/W) 
(VDD“F/1000)x(0.768 mw 
+0.0052M+0.000407W+2.552N) 


10x27 +4N+12 CK cycles 


0.241 

0.144 

0.280 

0.136 
3.400+0.440N+0.323M 
0.049+0.191N+0.001M 
0.112M 
0.058+0.033N+0.001M 
0.126 
0.061+0.090N+0.001M 
0.091 

0.080 

0.040 
1.398+0.241N+0.002M 
0.060 
0.125+0.124N+0.073M 
0.240+0.073N+0.001M 


0.097 
0.119 
0.209+0.008M 
0.180 


t VDD=power supply potential (Volt) and F=frequency of clock (MHz). 
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STATIC RANDOM ACCESS MEMORY SRAM 


SWITCHING CHARACTERISTICS 
Vpbd=5.0V, T=25°, Nom Processing 


INPUT |} OUTPUT Value ns/pF 
1.67 
7.75+0.041N+0.0013(W-NM) 
SO 1.0 
BF 1.2 


BC 1.3+0.004M 


Q[N-1:0] 0.8 


QIN-1:0] 1.3 
Tri-State 


a In situations where the actual clock pulse width low (call it PWL) is less than (CORR=7.75+0.041N+0.0013W - 00013NM), 
then add (CORR - PWL). 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Requirements 
VDD = 5.0V, T = 25°C, Nom Process 


ETIS[A,D,R] 
Logic To Value 
Value 


Minimum CK Pulse High cKT cKL 
Minimum CK Pulse Low ckL CKT 


Minimum CK Period cKl cKl 10.1+0.079N+0.003W 
-0.0055 NM+0.000016NW 


Minimum CK Slope for Rise N/A 20% CKT | 80% CKT 
Minimum CK Slope for Fall 20% CKL | so%cKl 


N/A 
A[M-1:0] setup before CKT ETISA=1 AIM-1:0] CKT 17 
A[M-1:0] setup before CKL ETISA=0 AIM-1:0] cKL 4.2 
A[M-1:0] hold after CKT ETISA=1 AIM-1:0] cKT 0.0 
A[M-1:0] hold after CK J ETISA=0 A[M-1:0] cKL 0.0 
Sai D[N-1:0] setup before CKT ETISD=1 D[N-1:0] CKT ie 
D[N-1:0] setup before CKL ETISD=0 D[N-1:0] CKL 14 
D[N-1:0] hold after CKT ETISD=1 D[N-1:0] CKT 0.0 
D[N-1:0] hold after CK ETISD=0 D[N-1:0] cKL 0.0 
RW setup before CKT ETISR=1 RW CKT 1.6 
RW setup before CKL ETISR=0 RW CKL 2.6 
ae RW hold after CK T ETISR=1 RW CKT 0.0 
RW hold after CK 1 ETISR=0 RW cKL 0.0 


ASU 


i 
Se 


n 


RWSU 


SDSU SD setup before ckT 
SDH SD hold after CKT 


S cKT 
SD cKT 
STSTN CK 
STSTN CK r 


ETIS[A,D,R], ETOS, and STSTN are normally DC control signals. They can be toggled with some care if the need arises. 


SSU STSTN setup before CK 
SH STSTN hold after CK 


SMSU SM setup before CKT N/A CKT 1.8 = 
SMH SM hold after CKT N/A cKT 0.0 
EISU ETIS[A,D,R] setup before CK N/A ETIS[A,D,R] cKL $ a 
EIH ETIS[A,D,R] hold after CKL N/A ETIS[A,D,R] cKL 7 
EOSU ETOS setup before CK N/A ETOS CK $ i 
EOH ETOS hold after CK N/A ETOS CK + 
AISU Al setup before CKT N/A Al CKT 2.3+0.35M i 
AIH Al hold after CKT N/A Al CKT 0.0 
AHSU AH setup before CKT N/A AH cKT 2.8+0.43M zs 
AHH AH hold after CKT N/A AH CKT 0.0 
BFCSU BFC setup before cKT N/A BFC cKT 1.0 ae 
BFCH BFC hold after CKT N/A BFC cKT 0.0 
BSU BIST setup before CKT N/A BIST CKT 1.9 
BH BIST hold after CKT N/A BIST cKT 0.0 
SISU SI setup before CKT N/A 17 
SIH SI hold after CKT N/A 0.0 

N/A D 

N/A 

N/A + 

N/A 


tT 
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STATIC RANDOM ACCESS MEMORY ‘SRAM 


MODE SELECTIONS 


The SRAM can be set up in several modes with the combined use of mode selection inputs Al, AH, 
ETIS, ETOS, STSTN, and BIST. The following table summarizes these modes and directs the user to 
the corresponding timing diagram: 


Input Settings Timing 


Mode Selection 


roan -am 
Ooa- sam 
yan — +~ mM 
”2oOoam 
zo” oH 
4o”—- ow 


Func.: + edge-trig A,D,RW inputs; + edge-trig Q 
Func.: + edge-trig A,D inputs; - edge-trig RW input; + edge-trig Q 
Func.: + edge-trig A,RW inputs; - edge-trig D input; + edge-trig Q 
Func.: + edge-trig A input; - edge-trig D,RW inputs; + edge-trig Q 
Func.: + edge-trig D,RW inputs; - edge-trig A input; + edge-trig Q 
Func.: + edge-trig D input; - edge-trig A,RW inputs; + edge-trig Q 
Func.: + edge-trig RW input; - edge-trig A,D inputs; + edge-trig Q 
Func.: - edge-trig A,D,RW inputs; + edge-trig Q 
Func.: + edge-trig A,D,RW inputs; - edge-trig Q 
Funce.: + edge-trig A,D inputs; - edge-trig RW input; - edge-trig Q 
Func.: + edge-trig A,RW inputs; - edge-trig D input; - edge-trig Q 
Func.: + edge-trig A input; - edge-trig D,RW inputs; - edge-trig Q 
Func.: + edge-trig D,RW inputs; - edge-trig A input; - edge-trig Q 
Func.: + edge-trig D input; - edge-trig A,RW inputs; - edge-trig Q 
Func.: + edge-trig RW input; - edge-trig A,D inputs; - edge-trig Q 
Func.: - edge-trig A,D,RW inputs; - edge-trig Q 
Func.: + edge-trig A input with add. increment 
Func.: + edge-trig A input with constant address 
Func.: + edge-trig A,D,RW inputs; + edge-trig Q with add increment 
Func.: + edge-trig A,D inputs; - edge-trig RW inputs; 

+ edge-trig Q with add increment 
Func.: + edge-trig A,RW inputs; - edge-trig D inputs; 

+ edge-trig Q with add increment 
Func.: + edge-trig A inputs; - edge-trig D, RW inputs; 

+ edge-trig Q with add increment 
Func.: + edge-trig A,D,RW inputs; - edge-trig Q with add increment 
Func.: + edge-trig A,D inputs; - edge-trig RW inputs; 

- edge-trig Q with add increment 
Func.: + edge-trig A,RW inputs; - edge-trig D inputs; 

- edge-trig Q with add increment 
Func.: + edge-trig A inputs; - edge-trig D,RW inputs; 

- edge-trig Q with add increment 
Scan-Test: 
Built-In Self-Test: 
Initialization of SRAM on power-up: 


OAN OOF WOWND = 


0 |; 0 
0; 0 
0; 0 
0]; 0 
0 | 0 
O |} 0 
0 | 0 
0; 0 
0} 0 
0|] 0 
0]; 0 
0; 0 
Oo; 0 
07; 0 
0 | 0 
Oo}; 0 
1 0 
X 1 
1 0 


—_~ «=~ = OF CO OF OO =]|=— =~ es +2 OO OO Ss = = = 
~a xXx xKor- O37, 0,072,000 0-= 
paw Ce Cs Cane Cree Cree ne CE SE Sn rene Cr Sow Cn Cer Co Cen Ca CED 
ooo oo ooo 0o oO 0 02 0 000000 0 


—~ x<xxKoodeooccoooer a =~ - 3 sa 2 = 
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STATIC RANDOM ACCESS MEMORY SRAM 


CROSS-REFERENCE GUIDE TO PREVIOUS CMOS TECHNOLOGIES 


Several versions or subtypes of SRAMs were available in the 1.25, 1.75, and 2.5 um CMOS 
technologies. A cross-reference guide is provided here for those familiar with the previous versions, 
and for those who wish to convert or borrow from a previous design. The outputs are assumed to 
be continuously enabled (OE is set high). 


Input Settings Additional 


External 
STSTN | BIST Requirements 


ETISA 
ETISD | ETOS 


DU 


Invert clock to SRAM and add FD1S1As 
(clocked by original non-inverted clock) 
before the A[M-1:0], D[N-1:0], and RW inputs 
Invert clock to SRAM and add FDIS5As 
(clocked by original non-inverted clock) 
before the A[M-1:0], D[N-1:0], and RW inputs 
Invert clock to SRAM and add FD1S1As 
(clocked by original non-inverted clock) 
before the A[M-1:0], D[N-1:0], and RW inputs 
Invert clock to SRAM and add FD1S5As 
(clocked by original non-inverted clock) 
before the A[M-1:0], D[N-1:0], and RW inputs 
Invert clock to SRAM and add FD1S1As 
(clocked by original non-inverted clock) 
before the A[M-1:0], D[N-1:0], and RW inputs 
Invert clock to SRAM and add FD1S5As 
(clocked by original non-inverted clock) 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 1 
Functional: + edge-trig A,D,RW inputs; + edge-trig Q 


le ++ READ “© WRITE of oesetecr 


n+3 3} n+4 


WRITE + 


: n+i } 


READ 


CK 
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A[M-1:0] 


D[N-1:0] 
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RW 


SM 


ETISA 


ETISD 


ETISR 


ETOS 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don't Care": BFC, SI 
Outputs BF and BC will default to "0" for this mode. 


Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 2 
Functional: + edge-trig A,D inputs; 
- edge-trig RW input; + edge-trig Q 


++ ++ READ -|- WRITE > [+ nesetecrey 
on n+2 “> 


WRITE READ 


CK 


yfon+3 } 


A[M-1:0] 


D[N-1:0] 


Q([N-1:0] 


RW 


SM 


ETISA 


ETISD 


ETISR 


ETOS 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, SI 
Outputs BF and BC will default to "0" for this mode. 
Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 3 
Functional: + edge-trig A,RW inputs; 
- edge-trig D input; + edge-trig Q 


WRITE +. ++ READ ++ WRITE of vesetecr 


READ 


fon+3 } ond S 


von 4 


CK 


A[M-1:0] 


D[N-1:0] 


Q[N-1:0] 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, SI 
Outputs BF and BC will default to "0" for this mode. 
Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 4 
Functional: + edge-trig A input; 
- edge-trig D,RW inputs; + edge-trig Q 


WRITE ++ READ ++ READ ++ WRITE ++ 


ron fon fy n+3 } ron 


DESE | 


CK 


A[M-1:0] 


D[N-1:0] 


Q\[N-1:0] 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, Sl 
Outputs BF and BC will default to "0" for this mode. 
Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 5 
Functional: + edge-trig D,RW inputs; 
- edge-trig A input; + edge-trig Q 


+} ++ READ “© WRITE mfx vesetecr 
on > 


WRITE 
fon+3 } n+4 
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The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, SI 
Outputs BF and BC will default to "0" for this mode. 


Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. | 


8-44 Parameterized Macrocells 


STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 6 
Functional: + edge-trig D input; 
- edge-trig A,RW inputs; + edge-trig Q 


WRITE +/+ READ +/+ READ ++ WRITE m+ ocserecra| 


Onset ? y n+2 f 


CK 


ron+3 } : n 
A[M-1:0] 


D[N-1 :0] 


Q[N-1:0] 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, Sl 
Outputs BF and BC will default to "0" for this mode. 


Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 7 
Functional: + edge-trig RW input; 
- edge-trig A,D inputs; + edge-trig Q 


+ ++ READ ++ WRITE of vesetecr 
Ln 1ni2 ; 


WRITE READ 


CK 


fon+s } Lr> 


A[M-1:0] 


D[N-1:0] 


Q\[N-1:0] 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, Sl 
Outputs BF and BC will default to "0" for this mode. 


Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 8 
Functional: - edge-trig A,D,RW inputs; 
+ edge-trig Q 


READ +/+ READ +/+ WRITE >[+ veseicra| 


vn f 


WRITE + 


von 


CK 


Qon+3 } ond S 


A[M-1:0] 


D[N-1:0] 


Q[N-1:0] 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, SI 
Outputs BF and BC will default to "0" for this mode. 
Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 9 
Functional: + edge-trig A,D,RW inputs; 


- edge-trig Q 
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The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, SI 
Outputs BF and BC will default to "0" for this mode. 
Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 10 
Functional: + edge-trig A,D inputs; 
- edge-trig RW input; - edge-trig Q 


lk WRITE ++ READ ++ READ ++ WRITE > {+ oeserecr| 


n } e on+t 3 ynt+2 } rn+ } ona S 


CK 


A[M-1:0] 


D[N-1 :0] 


Q\[N-1:0] 


RW 


SM 


ETISA 


ETISD 


ETISR 


ETOS 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, Sl 
Outputs BF and BC will default to "0" for this mode. 


Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 11 
Functional: + edge-trig A,RW inputs; 
- edge-trig D input; - edge-trig Q 


-/- -|- READ ++ WRITE >< vescxser 
On Ne 4 


WRITE READ 


fns3 Sinisa S 


CK 
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D[N-1:0] 


Q[N-1:0] 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, SI 
Outputs BF and BC will default to "0" for this mode. 
Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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> TATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 12 
Functional: + edge-trig A input; 
- edge-trig D,RW inputs; - edge-trig Q 


le WRITE + READ ++ READ ++ WRITE >f+ vesciscra| 
: : 4 ‘ : : a : : ° . = : H 


A[M-1:0] 


D[N-1:0] 


Q(N-1:0] 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, SI 
Outputs BF and BC will default to "0" for this mode. 
Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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Timing Diagram 13 
Functional: + edge-trig D,RW inputs; 
- edge-trig A input; - edge-trig Q 


le WRITE + READ ++ READ ++ WRITE of oesciecra| 
: : : . : : e H : H . ; : : 


A[M-1:0] 


D[N-1:0] 


Q(N-1:0] 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, Sl 
Outputs BF and BC will default to "0" for this mode. 
Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 


8-52 Parameterized Macrocells 


STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 14 
Functional: + edge-trig D input; 
- edge-trig A,RW inputs; - edge-trig Q 


+ ++ ++ WRITE mfx vesexcor 
; n on ; 


WRITE 
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CK 
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D[N-1:0] 


Q(N-1:0] 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, SI 
Outputs BF and BC will default to "O" for this mode. 


Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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Timing Diagram 15 
Functional: + edge-trig RW input; 
- edge-trig A,D inputs; - edge-trig Q 


“| READ +/+ READ ++ WRITE mf oesetecr 


WRITE 


CK 


en ron+3 } a> 


A[M-1:0] 


D[N-1 :0] 


Q([N-1:0] 


The remaining input signals not found above should have the following logic values: 
"0": Al, AH, BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, SI 
Outputs BF and BC will default to "0" for this mode. 


Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 16 
Functional: - edge-trig A,D,RW inputs; 


- edge-trig Q 
++ READ ++ READ + 


wn 


++ pesevecr 


WRITE “ WRITE 
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The remaining input signals not found above should have the following logic values: 
"O": Al, AH, BIST 
"{": OE, SD, STSTN 
"Don’t Care": BFC, SI 
Outputs BF and BC will default to "0" for this mode. 


Output SO is the latched output of the most significant data input bit D[N-1:N -1]. It 
should be used only during scan testing. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 17 
Functional: + edge-trig A,D,RW inputs; + edge-trig Q with add increment 
Functional: + edge-trig A,D inputs; - edge-trig RW inputs; 


i WRITE He WRITE > READ Pi READ > 


A[M-1:0] 
AA[M-1:0] 
D[N-1:0] 
Q[N-1:0] 
RW 

SM 

ETISA 
ETISD 
ETISR 


ETOS 


1 AA[M-1:0] is the internally latched address within the SRAM macrocell to indicate what 
address is being applied to the memory array. "A(n)" is the address latched on the nth 
clock cycle. "A(n)+1" is that same address incremented by 1. 
The remaining input signals not found above should have the following logic values: 
"0": BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, SI 


Outputs BF and BC will default to "0" for this mode. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 18 
+ edge-trig Q with add increment 
Functional: + edge-trig A,RW inputs; - edge-trig D inputs; 


i WRITE pi< WRITE = READ >< READ > 


A[M-1:0] 


AA[M-1:0] 


D[N-1:0] 


" AA[M-1:0] is the internally latched address within the SRAM macrocell to indicate what 
address is being applied to the memory array. "A(n)" is the address latched on the n® 
Clock cycle. "A(n)+1" is that same address incremented by 1. 
The remaining input signals not found above should have the following logic values: 
"Oo": BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, Sl 


Outputs BF and BC will default to "0" for this mode. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 19 
+ edge-trig Q with add increment 
Functional: + edge-trig A inputs; - edge-trig D, RW inputs; 


< WRITE He WRITE i READ Pi READ > 


D[N-1:0] 


Q\N-1:0] 


AISU AIH; 


" AA[M-1:0] is the internally latched address within the SRAM macrocell to indicate what 
address is being applied to the memory array. "A(n)" is the address latched on the n'" 
Clock cycle. "A(n)+1" is that same address incremented by 1. 
The remaining input signals not found above should have the following logic values: 
"0": BIST 
"{": OE, SD, STSTN 
"Don’t Care": BFC, SI 


Outputs BF and BC will default to "0" for this mode. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 20 
+ edge-trig Q with add increment 


i WRITE ®t WRITE it READ Pit READ >! 


D[N-1 :0] 


Q[N-1:0] 


" AA[M-1:0] is the internally latched address within the SRAM macrocell to indicate what 
address is being applied to the memory array. "A(n)" is the address latched on the n® 
Clock cycle. "A(n)+1" is that same address incremented by 1. 
The remaining input signals not found above should have the following logic values: 
| "0": BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, SI 


Outputs BF and BC will default to "0" for this mode. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 21 
Functional: + edge-trig A,D,RW inputs; - edge-trig Q with add increment 
Functional: + edge-trig A,D inputs; - edge-trig RW inputs; 


i WRITE He WRITE Di READ Pi READ >: 


A[M-1:0] 


AA[M-1:0] 


D[N-1:0] 


Q\[N-1:0] 


" AAIM-1 :0] is the internally latched address within the SRAM macrocell to indicate what 
address is being applied to the memory array. "A(n)" is the address latched on the n® 
Clock cycle. "A(n)+1" is that same address incremented by 1. 


The remaining input signals not found above should have the following logic values: 
"0": BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, Sl 
Outputs BF and BC will default to "0" for this mode. 
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STATIC RANDOM ACCESS MEMORY SRAM 


Timing Diagram 22 | 
- edge-trig Q with add increment 
Functional: + edge-trig A,RW inputs; - edge-trig D inputs; 
+ WRITE He WRITE ®t READ Pi READ >! 


A[M-1:0] 


AA[M-1:0] 


D[N-1:0] 


Q[N-1:0] 


:RWSU_ RWH : 


RW Wp 


AA[M-1:0] is the internally latched address within the SRAM macrocell to indicate what 
address is being applied to the memory array. "A(n)" is the address latched on the n‘ 
clock cycle. "A(n)+1" is that same address incremented by 1. 


The remaining input signals not found above should have the following logic values: 
"0": BIST | 
"1": OE, SD, STSTN 
"Don’t Care": BFC, Sl 
Outputs BF and BC will default to "0" for this mode. 
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Timing Diagram 23 
- edge-trig Q with add increment 
Functional: + edge-trig A inputs; - edge-trig D,RW inputs; 


i WRITE Die WRITE Pie READ Pit READ >! 


D[N-1:0] 


QIN-1:0] 


" AA[M-1:0] is the internally latched address within the SRAM macrocell to indicate what 
address is being applied to the memory array. "A(n)" is the address latched on the n® 
Clock cycle. “A(n)+1" is that same address incremented by 1. 


The remaining input signals not found above should have the following logic values: 
"0": BIST 
"1": OE, SD, STSTN 
"Don’t Care": BFC, Sl 
Outputs BF and BC will default to "0" for this mode. 
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Timing Diagram 24 
- edge-trig Q with add increment 


“¢ WRITE He WRITE >t READ Pi READ > 


D[N-1:0] 


Q([N-1:0] 


" AAIM-1:0] is the internally latched address within the SRAM macrocell to indicate what 
address is being applied to the memory array. "A(n)" is the address latched on the n® 
clock cycle. "A(n)+1" is that same address incremented by 1. 


The remaining input signals not found above should have the following logic values: 
"0": BIST 
"{": OE, SD, STSTN 
"Don’t Care": BFC, Sl 


Outputs BF and BC will default to "0" for this mode. 
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Timing Diagram 25 
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The remaining input signals not found above should have the following logic values: 
"0": BIST 


"1": SM, OE 
"Don’t Care": ETOS, BFC, Al, AH 
Outputs BF and BC will defaul to "0" for this mode. 
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Timing Diagram 26 
Built-In Self-Test: 


17° Mi 4ene2 
17-2M,4. N+2+X 
JERI aMsgen 


iB i BFOSU | 


"e008 +—j ese +—+ eee +—_+-—eee 


® A low BIST signal must be latched into the SRAM to properly start initializing it for BIST. 
® SRAM is placed in the BIST mode. 


(© The SRAM contents have all been initialized by this clock cycle. This fact can be used to initialize all of 
the SRAMs in a chip circuit. One can then take the SRAM out of BIST mode and begin testing the 
entire circuit with known SRAM contents. 


(©) Internal memory test is completed. BF may go high at anytime up to this point. If BF goes high, it 
will remain high. BIST checking now begins. 


BIST overhead checking is now complete. BC will toggle high at this time. BF will also go high if any 
faults are detected here. As before, if BF goes high, it will remain high. 


BF should be checked at this time. If it is high, the SRAM is bad. One can wait any amount of time to 
make this check (call it X cycles). 


BFC is toggled high to check for a stuck-at-0 fault on the BF output. 
One cycle after a high BFC input has been latched into the SRAM, the BF output should toggle high. 


9@OO0 9 ®O 


First valid access of the SRAM after coming out of BIST should occur at this time 


The remaining input signals not found above may have any logic value "0 or 1". 


Outputs Q[N-1:C] will change with each read that occurs with the BIST vectors providing 
that the input OE is held at a logic value of "1". These outputs will also change on the 
positive edge of the clock CK. 


Output SO is the latched output of the most significant data input bit D[N-1:N-1]. It should 
be used only during scan testing. 
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Timing Diagram 27 
Initialization of SRAM on power-up: 


a 
Ye eeicnial 


® © 


A. Alow BIST signal must be latched in to the SRAM. 
One clock cycle is used for this. 


B. A high SM signal must be latched in next. This can 
occur any number of clock cycles after the first step 
(A). At least one more clock cycle is used for this. 


C. First valid access to the SRAM should occur for 
the first clock cycle after the second step (B) that 
latches in a high SM signal. 


SRAM 
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USER NOTES 


Layout - The layout for the SRAM consists of two blocks : the address block and the main 
block. The address block contains the address, read/write, and SM input latches while the 
main block contains the remaining SRAM features. By definition, the BIST circuitry must be 
distributed throughout both blocks. Capacitance on the interconnect between these blocks 
may have an affect on performance. 

Built-In Self-Test - Built-in Self-Test (BIST) is self contained in the SRAM layout. It 
provides >99% fault coverage of the faults within the SRAM. The BIST circuitry overrides 
the Al, AH, SM, and scan-test modes. The built-in self-test circuitry tests: 


¢ stuck-at-0/stuck-at-1 for each memory cell 

¢ 0(->1/1(->0 transitions for each memory cell 

¢ Read destruction of memory contents 0/1 

¢ Row decoder faults 

¢ Column decoder faults 

¢ Read/write clocking faults 

* Coupling and/or bridging 

« Adjacent memory cells 

¢ Adjacent I/O data paths 

¢ Internal clock generator 

¢ I/O latches for data, address, and read/write. 

¢ Built-In Self-Test circuitry 
Scan Chain - During scan-testing the faults in the external random logic around the SRAM 
are tested. STSTN is low. When ETISA, ETISD, and ETISR are all high, only the read/write, 
address, and data input latches are connected together to form a scan chain; the output 
latches are by-passed to allow quick access to the external random logic connected at the 
outputs. In terms of the primary inputs for the input latches, the following specifies the 
ordering of the scan chain: 
RW,A[0:M-1],D[0:N-1] 8 
When ETISA, ETISD, and ETISR are all low while STSTN is low, none of the input latches are 


connected together to form a scan chain. The output latches are still by-passed to allow 
quick access to the external random logic connected at the outputs. 


Interfacing - The SRAM can be interfaced in a number of different modes. It may be used 
synchronously with either positive or negative edge-triggered flip-flops. The user must 
insure that the inputs are properly set up for the mode of operation desired. 


Initialization - The BIST mode can be used to initialize the RAM contents. A description of 
the BIST algorithm is available through MACLOG. 


Characterization - The characterization has been done using 2 pFs and 1,000 ohms for the 
routing of signals between the address and main blocks. These should be pessimistic 
numbers. Most layouts should have values below these. 


Address increment - Address increment (Al) mode automatically increments the address 
regardiess of the address inputs. The address latch must be in the positive edge-triggered 
mode. If the macrocell is deselected with SM, the address will be incremented, but not 
applied to the memory contents. Several applications can be accommodated: 


¢ Sequentially accessing the SRAM. No external counter is required. 
° Initializing the SRAM. 
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Address hold - Address hold (AH) mode freezes the address regardless of the address 
inputs. One application is in doing a “read - modify write". The contents of an address 
location can be overwritten immediately after a read. AH overrides Al. 
Select macrocell - Select macrocell (SM) mode activates the internal clocking of the SRAM. 
Several applications can be accomodated: 
¢ Reduction of power. When the internal clocking is not activated, the power is greatly 
reduced while the memory contents and the data outputs are unaffected. Only the I/O 
latches are allowed to clock data in or out. When either the Al or the AH mode is 
activated, the address latches will be updated, but not applied. 
¢ Sub-dividing a large SRAM into several smaller SRAMs for speed enhancement. 
Here, only one of the smaller SRAMs needs to be activated at any one time. Common 
data and address input busses can be shared by using the SM inputs to multiplex. 
¢ Deselecting an SRAM that’s not in use. Leaving an SRAM in the write mode as a 
default may easily modify the SRAM contents. Leaving an SRAM in the read mode as 
a default may easily modify the SRAM outputs. Leaving an SRAM in the deselect 
mode with SM off ensures that the SRAM contents and outputs remain unmodified. 


Scan-test - Scan-test circuitry overrides the Al, AH, and SM modes. The scan-test circuitry 

tests: ; 

¢ Random logic external to the SRAM’s data inputs, address inputs, read/write input, 
and data outputs 

¢ Stuck-at-0/stuck-at-1 faults at the SRAM’s data inputs, address inputs, read/write 
input 


Parameterized Macrocellis 


Dynamic Shift Register SRGEN 


FUNCTIONAL DESCRIPTION AND FEATURES: 


SRGEN is a parameterized, Shift Register function supported by automatic layout generation 
software. The layout of SRGEN is implemented as a custom, pitch-matched array of cells that is very 
area-efficient. 


SRGEN has been designed specifically for use on standard-cell chips and has the following features: 
e Requires non-overlapping master and slave clocks 
¢ Can be implemented with multiple tap bits 
¢ Tap Bits can be automatically placed along the shift register 
¢ Outputs, including tap bits, are properly buffered to interface with standard-cell circuitry 
¢ The aspect ratio of the shift register can be easily modified to suit the needs of the chip 
layout 
The Shift Register can be customized with the following parameters: 


Limit 
1 
0 
1 


Bits in depth 1 65,000 


Tapped locations 65,000 


Rows to fold the array N/205 


NOTE: This is a preliminary Data Sheet. Contact your AT&T 
representative for current information. 
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Dynamic Shift Register SRGEN 


TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: MCK, SCK, D 

OUTPUTS: T,....,T,, Q 


Functional Descriptions 


Inputs 
MCK Master clock 
SCK Slave clock 
D Data input 

Outputs 
Tiel, Tapped data out (subscript corresponds to the register position. 

tapped) 
Q Data out (tap of last register) 
CHARACTERISTICS 


The parameters N, T and M can be used to estimate the characteristics for a shift register that is N 
bits deep, has T tapped locations and is folded into M rows. . 


Parameter Value | Unit, 


Number of Transistors 
Height 


Width 


Worst Case Power Not 


Currently 
Input Capacitance: Available 
D 
MCK 
SCK 


Output Capacitance: 
Q 
TpeaTy 


NOTE: This is a preliminary Data Sheet. Contact your AT&T 
representative for current information. 
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Dynamic Shift Register SRGEN 


SWITCHING CHARACTERISTICS 
VpbD=5.0V, T=25°C, Nominal Processing 


Not 
Currently 
Available 


Timing Requirements 
VoD=5.0V, T=25°C, Nominal Processing 
| _Cescription =| Value Unit | 


Minimum master clock pulse high 


Minimum master clock cycle 
Maximum master clock cycle 


Minimum slave clock pulse high 


a Not 
Minimum slave clock cycle Currently 


Maximum slave clock cycle Available 


Minimum time between master and slave pulses 
Maximum time between master and slave pulses 


Minimum data in setup time 


Minimum data in hold time 


Maximum hold time for data out 


NOTE: This is a preliminary Data Sheet. Contact your AT&T 
representative for current information. 
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Dynamic Shift Register SRGEN 


TIMING DIAGRAM 


Master Cycle 7 Slave Cycle 7 


LK GS4QMUu“uRM[)w'’;W;™tC—MVLEnnL MLL 


OJ...1, LNVxXtKCHMa LLILA@M@@@™{»________  IXZALMLI 


USER NOTES 


In order to reduce leakage current from the dynamic nodes, every effort should be made to 
reduce noise on the clocks and insure that they are indeed non-overlapping. 

The propagation delay shown in the tables is worst case for the cell furthest from the slave 
clock input terminal. There is some skew, due to routing parasitics, in the clock delay to 
different tapped locations. 

The dynamic shift register is inherently subject to alpha induced soft errors. This macrocell 
should not be used to store critical data. 


NOTE: This is a preliminary Data Sheet. Contact your AT&T repre- 
sentative for current information. 
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Linear Cells 


Section 9 


Contents - Section 9 


General Information Information on the Linear CMOS Library 
Linear Cells Designed to Fit into the I/O Buffer Ring 


LOT15U 
LOT250N 


PURA3M 
PURA300U 
PURA30U 


Application Note 
XC20MS[D,1D,2D] 


Loss of Signal Detector with a 15 ws Nominal Delay Time 
Loss of Signal Detector with a 250 ns Nominal Delay Time 


Power-up Reset with 3 ms Nominal Pulse Duration and Test Mode 
Power-up Reset with 300 us Nominal Pulse Duration and Test Mode 
Power-up Reset with 30 ps Nominal Pulse Duration and Test Mode 


Crystal Oscillator General Information 
5 - 32 MHz Crystal Oscillator/CMOS Level Input Buffer 


Linear Cells Designed to Fit into Standard-Cell Rows 
(Suffix A for area-optimized cells, suffix P for performance-optimized cells) 


CAP2[A,P] 
CAP3[A,P] 
CAPS5[A,P] 
CAP10[A,P] 
DELS5[A,P] 
DEL10{A,P] 
RESSI[A,P] 
RES10[A,P] 
RES20[A,P] 


2 pF Capacitor 

3 pF Capacitor 

5 pF Capacitor 
10 pF Capacitor 
Delay Cell with Nominal Delay of 5 ns 
Delay Cell with Nominal Delay of 10 ns 


5 kQ Resistor 


10 kQ Resistor 
20 kQ Resistor 


Note: Schmitt Trigger buffers are located in Section 5 (I/O Buffers). 
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9-10 
9-11 
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Linear CMOS Cells General Information 


Introduction 


This section describes the Linear CMOS cells that are available for use with the 0.9 um Standard-Cell 
Library. The reason for the introduction of linear cells into an otherwise digital world is to add 
versatility to the digital chips by providing functions that cannot be done with strictly digital circuits. 


The linear cells are designed to be as similar to the digital standard cells and buffers as possible. The 
digital CMOS process, with only a single level of polysilicon, is standard. The software for circuit 
simulation, netlist capture, and layout is identical to that used on digital cells. The linear cells are also 
testable in a digital environment. The linear cells form a small part of the entire chip, typically less than 
10% of the area. 


Since most linear CMOS cells in this library are I/O intensive, they are placed in the buffer area on the 
periphery of the chip. Many of them will fit into the standard I/O buffer ring and connect to the 
buffer power supplies. Some linear cells, however, are too noise-sensitive to use these digital power 
supplies, and they require their own power and ground connections. 


Many VLS! CMOS chips are designed to be retrofits of existing SS! boards. The linear chips on 
these boards are mostly bipolar. Bipolar linear circuits usually have some performance characteristics 
not obtainable with linear CMOS. It may not be possible for a linear CMOS cell to meet the specs of 
a (bipolar) part that is currently in use. Therefore, consult with your AT&T representative about what 
specs are realistic. 


CAD Support Files 


The CAD support files for linear CMOS are modeled as closely as possible after those used for digital 
circuits. 


ADVICE 


The standard process files used for ADVICE simulations of digital circuits (apronc.dat, aprolc.dat, 
and aprohc.daft) are also used with the linear cells. 


All of the linear cells have been characterized using ADVICE, and the resulting characteristics are 
presented in the following pages. Unless otherwise specified, the worst-case simulations were all 
done assuming VDD = 5 V + 10%, a temperature range of 0 °C to 100 °C, standard (digital) fast and 
slow process files, and a + 22% variation from nominal resistor values. Any circuit parameters that 
are not specified cannot be guaranteed. 


MOTIS3 


Simulations with MOTIS3 models are not intended to replace ADVICE simulations. The true analog 
nature of these circuits cannot be simulated in the current MOTIS3 environment. The real reason to 
use the MOTIS3 models is that they allow the designer to use a single netlist throughout the design 
process. However, ADVICE is still required to simulate the detailed analog behavior and timing, by 
using the circuit descriptions found in the file advic.dat from the linear library. 
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Loss of Signal Detector LOT[15U,250N] 


Functional Description 


The function of the LOT circuits is to detect the loss of a signal which, under proper operating condi- 
tions, regularly changes its state. This would most often be used with a clock, but can be used with 
any signal. 


The cells detect either a stuck-high or stuck-low condition. It will work with any signal whose duty cy- 
cle is between 30% and 70%. 


The cell height is the same as digital D- and P-style buffers. This cell does not contain a bonding pad. 
Netlist Order 


Inputs: A 
Outputs: Z 


Circuit Information 


LOT15U LOT250N 


Max Power 1 mW 5 mw 


Detect Time TD 

Minimum 8 us 150 ns 
Nominal 15 us 250 ns 
Maximum 30s 550 ns 


Recovery Time TR 
Maximum 20 ns 8ns 


Frequency of Operation 
Minimum 0.2 MHz 10 MHz 
Maximum 100 MHz 200 MHz 


Cell Size 252.25 uw x 283.5 u 252.25 uw x 283.5 


INPUT STUCK LOW 


A 
Z 
SCHEMA SYMBOL 
TIME 
INPUT STUCK HIGH A Z 
A 
Z 
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Power-Up Reset PURA[3M,300U,30U} 
3 ms, 300 us, 30 us Nominal Pulse Width 

with Test Mode 

Functional Description 


These circuits provide a clear pulse immediately upon chip power-up. After a time TP, the clear pulse 
goes low and stays low as long as VDD stays high and the test input TST is low. 

The cell heights are the same as digital D- and P-style buffers. These cells do not contain bonding 
pads. 

Netlist Order 


Inputs: TST 
Outputs: OUT 


Circuit Information 


| PURA3M | PURA300U PURA30U 
Parameter 
(wom om i{w om on i{w om mt | 


Maximum N/A 7ms* 200 ns | N/A 700 “ier 70ns | N/A 70Oust 70 ns 
Nominal N/A 3ms 90ns} NA 300us 30ns}/ N/A 30us 30ns 
Minimum 300ns 15ms 45ns }100ns 150us 15ns |100ns 15us 15ns 


Max Power 0.5 mW 0.5 mW 0.5 mw 
Cell Size 483.35 uw x 283.5 w 364.3 p x 283.5 u 364.3 w x 283.5 


* As long as VoD>4 V within 1 ms of start-up 
ft As long as VoD>4 V within 100 ps of start-up 
+ As long as VoD>4 V within 20 us of start-up 


Vop 
eas l<_— TW 


TST J TI 


SCHEMA SYMBOL 


TST ~~ >———_ OUT 
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Crystal Oscillators GENERAL INFORMATION 


Introduction 


The crystal oscillators available in the AT&T 0.9 um CMOS Standard-Cell library are of the Pierce 
type. An inverter is used as the amplifying element, the crystal is connected between input and 
output terminals, and capacitors are connected from input to ground and from output to ground, 
respectively. The generic circuit topology is shown in Figure 1. This circuit configuration operates the 
crystal in a parallel resonant condition, which means that the operating frequency will be several 
hundred parts per million (ppm) above the crystal’s series resonant frequency and will be dependent 
on the capacitances present in the circuit. 


OUT tochip 


‘Gutter interior 


Figure 1. Pierce Crystal Oscillator Based on CMOS Inverter 


As shown in Figure 1, the crystal terminals are XLO and XHI. XLO is the input side of the amplifier 
and XHI is the output side. Because these terminals are pads for external connections, the usual 
protection circuitry is in place (adding approximately 2 picofarads of shunt capacitance and 450 Q of 
series resistance to each pad). Capacitors Ca and Cb may be on- or off-chip. Resistor Rs is on-chip 
and has a nominal value of 600 Q. The signal from the oscillator is taken from the XLO terminal and 
buffered by two inverter stages before passing into the chip interior. 


Crystal Considerations 


The operation of the oscillator is influenced to a great extent by the characteristics of the particular 
crystal being used. For a specific application, the crystal and the oscillator circuit must be considered 
(and possibly simulated) together to verify acceptability of performance. 


The crystal chosen for operation with any of these oscillators must be a fundamental-mode unit. The 
frequency should be specified under parallel resonance conditions, with a load capacitance which is 
approximately 2 pF more than the series combination of capacitors Ca and Cb. (Ca and Cb include 
any stray capacitances present on their respective nodes). The frequency tolerance and stability 
should be specified according to the needs of the application; + 100 ppm is commonly available at 
reasonable cost, with tighter specs available at higher cost. 


A ceramic resonator behaves like a low-Q crystal and may be used as a less-expensive alternative to 
the quartz crystal with any of these oscillators. Generally, this substitution trades off some degree 
of frequency stability for lower component cost and faster oscillator startup. 


The Negative Resistance Plot 


It is convenient to characterize an oscillator circuit in terms of its negative resistance. The impedance 
seen looking into the oscillator terminals (with the crystal removed) consists of a negative imaginary 
part (indicating net capacitance) and a negative real part (see Figure 2). The negative real part is in- 
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Crystal Oscillators GENERAL INFORMATION 


dicative of the circuit’s potential for oscillation. A parallel resonant crystal appears as an equivalent 
resistance-inductance series combination. If the magnitude of negative resistance (at the crystal fre- 
quency) is greater than the crystal resistance, the net resistance will be negative, and the circuit will 
oscillate at the frequency where the crystal’s inductance cancels the circuit’s capacitance. 


The oscillator cell datasheet displays its negative resistance versus frequency. To produce a more use- 
ful graph, we have included the shunt capacitance of the crystal (CO) and the capacitors Ca and Cb 
with the oscillator in plotting the negative resistance characteristics shown in the oscillator data 
sheets. This way, the series resistance (R71) of the crystal may be directly compared to the negative- 
resistance plot. Not shown, but also included in the simulation which produced the negative resis- 
tance plots are typical stray capacitances of 5 pF from each crystal terminal (XLO, XHI) to ground 


and 2 pF between the crystal terminals. 
XLO ° Ee ° 


L1 §3Leq: \/ 
: Ca 


Co 
R1 R1 Cb 
Rs 
Tee bast 
ln) sree aeons 
: Capacitors 
Crystal : 
: se xternel OF internet) Oscillator Standard Cell 
Zin 


NEGATIVE RESISTANCE = Real (Zin) 


Figure 2. Comparison of Crystal Series Branch Impedance with Oscillator Impedance 


Oscillator Operation 


To determine whether oscillation is possible with a given crystal and oscillator, obtain the negative 
resistance at the crystal frequency from the plot in the data sheet. Compare the magnitude of 
negative resistance with the maximum resistance (R1) specified on the crystal data sheet. The crystal 
resistance should be smaller by at least a factor of two for reasonable loop-gain margin (reliable 
oscillation under a variety of conditions). 


A capacitor (Ca,Cb) must be connected from each pad to circuit-ground for proper operation. 
External capacitors may be used, or the optional on-chip capacitors may be selected by choosing the 
proper oscillator. In the latter case, the only required external component is the crystal. For the 
XC20MSD oscillator, the two external capacitors should be the same value. 


The oscillator frequency stability is primarily governed by the crystal but can be affected by any 
perturbation in the capacitances of the circuit. Generally, larger capacitances (at Ca and Cb) produce 
better frequency stability, because unknown (e.g. stray) capacitances can be kept to a smaller 
fraction of the total. 

A crystal behaves like a tuned circuit with a very high Q (quality factor). Because of this, many thou- 
sands of cycles are required for the amplitude of the oscillation to grow to its steady-state level after 
power is applied. Up to 20 ms should be allowed for oscillations to reach steady-state at lower (< 10 
MHz) frequencies. Start-up time generally increases with increasing crystal Q, increasing capacitive 
load, and decreasing frequency. 
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Crystal Oscillators GENERAL INFORMATION 


Input Buffer Operation 


If an external clock signal is available, the oscillator cell may be used as a noninverting input buffer. 
The XC20MSD is CMOS compatible. During input buffer operation, the input signal must be applied 
at the XLO pad, and the XHI pad must be left unconnected. External components (crystal, 
capacitors) should not be used during operation as an input buffer. 


Standard Characterization Conditions 


Worst-case characterization of the crystal oscillator cells has been performed under those conditions 
which minimize negative resistance and, separately, under those conditions which maximize power 
consumption: 
e For negative resistance: maximum capacitance at XLO (Ca) and at XHI (Cb), worst-case 
slow processing, high (100 °C) temperature and low VDD (4.5 V). 


e For power consumption: maximum capacitance at XLO (Ca) and at XHI (Cb), worst-case 
fast processing, low (0 °C) temperature and high VDD (5.5 V). 


Power Consumption 


The curves below display the worst-case simulated power consumption of the oscillator cell 
XC20MSD as a function of frequency for selected external capacitor values at XLO and XHI. Note 
that for each set of capacitor values, there is an optimum frequency for power consumption. Above 
this frequency, power increases with capacitance and frequency, as is usual for CMOS. However, at 
lower frequencies, power again increases because of increasing attenuation in the feedback network. 
A smaller signal level is available at the input of the CMOS inverter. This causes the P- and N-channel 
devices to remain simultaneously on during more of the waveform cycle, consuming higher dc power. 
Often, the power at low frequencies can be reduced by increasing capacitors Ca and Cb. This in- 
creases the amplitude of the waveform at the inverter input and operates the stage in more of a 
switching mode, reducing the power consumption. 


WORST-CASE POWER vs. FREQUENCY 


XC20MSD 


: Ca=Cb=50pF* 


Ca=Cb=10pF* 


1 2 5 10 20 30 
FREQUENCY (MHz) 


“External Capacitors 
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Crystal Oscillator XC20MS[D, 1D,2D] 


5 MHz - 32 MHz 


Functional Description 

The XC20MSD family of oscillators provides stable rail-to-rail output waveforms suitable for clocking 
on-chip digital circuitry. The allowable frequency range, with proper capacitor selection, is from 5 
MHz to 32 MHz. XC20MSD requires off-chip capacitors connected from each pad (XLO and XHI) 
to ground. XC20MS1D has on-chip 10pF capacitors connected from each pad to ground. 
XC20MS2D has on-chip 20pF capacitors connected from each pad to ground. 

A fundamental-mode quartz crystal of the desired frequency must be connected between pads XLO 
and XHI. The crystal is operated in parallel resonance. 

XC20MS[D,1D,2D] may also be used as a non-inverting input buffer by applying an external CMOS- 
level clock to XLO. XHI must remain unconnected. 

The frequency of oscillation of this cell depends on the crystal used and the total capacitance appear- 
ing at the crystal terminals. This capacitance includes wiring and package parasitics, as well as capaci- 
tors Ca and Cb (whether external or internal). 


The oscillator cell heights are compatible with digital D- and P-style buffers. 


Netlist Order 


Inputs: XLO 
Outputs: XH!I,OUT 


Functional Description Of Inputs And Outputs 
XLO: Oscillator input; connection of one crystal terminal and capacitor if used as an 
oscillator; CMOS-level input if used as an input buffer 
XHI: Oscillator output; connection of one crystal terminal and capacitor if used as an 
oscillator; remains open if used as an input buffer 
OUT: Output to clock on-chip circuitry 


Circuit Information 


XC20MS[D,1D,2D 


Frequency Range 5 MHz* to 32 MHzt 

Oscillator Power SEE GENERAL INFORMATION, Page 9-6 
Duty Cycle 40% to 60% 

Freq Stability vs. VoD+ 5 ppm/V 

Delay (Rising)§ 0.66 ns + 0.10 ns/pF 


Delay (Falling)§ 0.65 ns + 0.15 ns/pF 
Cell Size 529.2 ux 283.5 u 


Qn-Chip Capacitance XC20MSD XC20MS1D XC20MS2D 


Node XLO 3.9 pF 15.5 pF 26.9 pF 
Node XHI 2.5 DF 14.0 pF 25.4 pF 


* Ca=Cb=50 pF (Lower operating frequencies can be obtained with larger Ca and Cb). 


{ Ca=Cb=10 pF (off-chip capacitors with XC20MSD) The maximum frequency for XC20MS1D 
is 21MHz, and the maximum frequency for XC20MS2D is 12 MHz. 

+ Simulated with a typical 2OMHz crystal having C1=0.02 pF, CO0=4 pF, over a voltage range of 
4.5 to 5.5 V at 25 °C, nominal process, and Ca=Cb=10 pF. Actual stability depends on the 
crystal and values of Ca and Cb. 


§ From XLO to OUT when used as an input buffer with Vop=5 V, T=25 °C, nominal process. 
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Crystal Oscillator XC20MS[D,1D,2D] 
5 MHz - 32 MHz 
Negative Resistance - XC20MSD with 10 pF, 20 pF, and 50 pF External Capaci- 


tors 
The real part of oscillator input impedance (including crystal shunt capacitance C0=7 pF, oscillator ca- 
pacitors Ca and Cb, and stray capacitances) is displayed as a function of frequency. 


WORST-CASE* NEGATIVE RESISTANCE vs. FREQUENCY 


1 Ca=Cb=10pF 
2 Ca=Cb=20pF 
3 Ca=Cb=50pF 


(External 
Capacitors) 


-400 
NEGATIVE 
RESISTANCE 
(22) 


-1000 


1 5 10 20 30 


FREQUENCY (MHz) 


Negative Resistance (Expanded) 
WORST-CASE* NEGATIVE RESISTANCE vs. FREQUENCY 


0 


1 Ca=Cb=10pF 
2 Ca=Cb=20pF 
3 Ca=Cb=50pF 
Ext i 
~100 Spactiars) 
NEGATIVE 
RESISTANCE -200 
(Q) 
~300 
-400 
5 10 20 30 40 


FREQUENCY (MHz) 


* Slow processing, VDD=4.5 V, T=100 °C 
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Crystal Oscillator XC20MS[D, 1D,2D] 
5 MHz - 32 MHz 

Negative Resistance - XC20MS1D and XC20MS2D - Internal Capacitors 

The real part of oscillator input impedance (including crystal shunt capacitance C0=7 pF, oscillator ca- 
pacitors Ca and Cb, and stray capacitances) is displayed as a function of frequency. 


WORST-CASE* NEGATIVE RESISTANCE vs FREQUENCY 


1 Ca=Cb=10pF 


(XC20MS1D) 
2 Ca=Cb=20pF 
(XC20MS2D) 
Internal 
apacitors) 
NEGATIVE 
RESISTANCE 
(Q) 


-1000 


1 5 10 20 30 
FREQUENCY (MHz) 


* Slow processing, VDD=4.5 V, T=100 °C 
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Capacitors CAP[2A,3A,5A, 10A,2P,3P,5P, 10P| 
For Area- and Performance-Optimized | 
Standard Cells 


Functional Description 

Unlike most linear standard cells, these capacitors are meant to be used in standard-cell rows rather 
than in the I/O buffer region. The rows occupied by these ceils must be separated by at least five 
routing tracks (= 9.5 1m) from other rows, or any special ceils. 

The normal process-induced variation is + 5%. 


The capacitors are modeled in ADVICE as transistors. The transistor width and length is selected 
such that the gate area gives the desired value of capacitance. Process variation of the capacitance 
is caused by gate-oxide variation. The gate oxide, TOX, is defined in the process files; thus, using the 
worst-case fast and slow transistor files, aprohc.dat and aprolc.dat, automatically gives the proper 
capacitance variation due to processing. 


The bottom plate of the capacitor is tied to Vss. Thus, physically, capacitors have only one terminal. 
A second terminal has been appended, though, in order to make the capacitors more amenable to 
digital CAD tools. 


Netlist Order 
Inputs: A 
Outputs: Z 


Cell Information 


Cell Name Cap Value Number Of Grids 


CAP10A 


Performance-Optimized 
CAP2P 
CAP3P 
CAP5P 
CAP10P 


SCHEMA SYMBOL 


A Z 


Vss 
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Delay Cells DEL[5A, 10A,5P, 10P 


For Area- and Performance-Optimized 
Standard Cells 


Functional Description 


The delay cells are designed to fit into the standard-cell rows. Those ending in "A" fit into the area- 
optimized rows; those ending with "P" fit into the performance-optimized rows. The purpose of 
these cells is to provide a (non-inverting) delay to any digital signal. The delay times are shown in the 
table. 


The delay function can be performed by a string of inverters. This has been done on many designs in 
the past, but the delay cells accomplish this using much less area for a comparable delay, from as 
little as 14% of the inverter’s area for the DEL10P, to 37% for the DEL5A. 


The rows occupied by these cells must be separated by at least five routing tracks (2 9.5 um) from 
other rows or any special cells. 


Netlist Order 


Inputs: A 
Outputs: Z 


Cell Information 


Cell Name Minimum* Nominal Maximumt Cell Size 
Delay Delay Delay (Grids) 


Area-Optimized 
DEL5A 3.7 ns+0.8 ns/pF 4.9ns+1.1 ns/pF 8.2 ns+2.0 ns/pF 
DEL10A 7.1 ns+1.1ns/pF 9.4ns+1.5ns/oF 15.8 ns+2.8 ns/pF 


Performance-Optimized 
DEL5P 3.4ns+0.8 ns/pF 4.5 ns+1.1ns/pF 7.7 ns+2.0 ns/pF 
DEL10P 6.9 ns+1.1 ns/pF 9.0ns+1.5ns/pF 15.1 ns+2.8 ns/pF 


* Minimum delay: fast process, VOD=5.5 V, T=0 °C 
+ Maximum delay: slow process, VoD=4.5 V, T=100 °C 
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Resistors RES[5A, 10A,20A, 


For Area- and Performance-Optimized 5P, 70P,20P| 
Standard Cells 


Functional Description 


Unlike most linear standard cells, these resistors are meant to be used in standard-cell rows rather 
than in the I/O buffer region. 
The normal process-induced variation is +22%, not including temperature variation. The best way to 
do worst-case fast and slow ADVICE runs with resistors is to change the resistor-model parameter. 
The resistor model, RNTUB, is defined so that all resistors can be globally scaled with a single 
command: 

-.MODEL RNTUB SCAL=3800 ("slow resistors," default value in aprolc.dat) 

or 

-MODEL RNTUB SCAL=2400 ("fast resistors," default value in aprohc.dat) 
The default value of SCAL is 3100 in the process file apronc.dat. Unfortunately, the process- 
induced resistor variation does not correlate with the transistor speed. This means that while the use 
of aprolc.dat and .MODEL RNTUB SCAL=3800 will give the maximum delay, and aprohc.dat and 
-MODEL RNTUB SCAL=2400 will give the minimum delay, the other two combinations of transistor 
and resistor speeds may have to be investigated for paths where critical races are possible. 
Temperature variation is included in the RNTUB model. 


Netlist Order 
Inputs: A 
Outputs: Z 


Cell Information 


Cell Name Nominal Number Of 
Resistor Value Grids 


Area-Optimized 
RES5A 
RES10A 
RES20A 


Performance-Optimized 
RES5P 
RES10P 
RES20P 


SCHEMA SYMBOL 
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FDS Synthesized Macrocells 
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Functional Design System Introduction 


The FDS is a logic-synthesis system that automatically generates the netlist implementation in 
standard cells of several parameterizable functional primitives. For each primitive, a wide range of 
user-definable features is available. 

The following primitives are supported in FDS: 


e Adders 

* Arithmetic and logic units 
¢ Combinational blocks 

¢ Comparators 

¢ Counters 

¢ Decoders 

¢ Finite-state machines 

* Multiplexers 

¢ Parity generators 

¢ Registers 


The FDS also features a friendly interface for capturing the design parameters and the external view 
of desired primitives. In addition, schematics corresponding to the netlist of the primitive may be 
generated. The FDS consists of standard cells from either the performance- or area-optimized 
library. All of the FDS functional primitives’ features are user-selectable, creating a large variety of 
possible configurations. For more information on how to generate these cells, consult the FDS 
manual. 


Specifically, the following functions are available: 


Capture symbol Prompts the user to define an external view and specify the applicable 
options of a funtional primitive 

Simulation model Produces a simulation model for MOTIS3 

Synthesize Implements the captured functional primitive 

Draw schematic Displays the internal schematic of the synthesized, standard-cell, 


functional primitive 


A functional primitive in the FDS may be added to a schematic diagram in SCHEMA, which may then 
be used to generate a connectivity list incorporating the primitive as part of an integrated circuit 
design. The connectivity list is available in two formats: the LSL format, which may be used for 
simulation in MOTIS3, and the ADVICE format, used as input to ADVICE program. Hard copies of 
the final schematics can be produced on an off-line plotter. 
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FDS Adder ADDER 


Functional Description and Features 
The FDS adder is a netlist that can be parameterized with many options. 
The ADDER has the following features: 


Bus or non-bus pin notation 

Optional carry-input 

Optional carry-output 3 
Inverted/noninverted inputs and output 

Optional ripple carry 

Optional carry-look-ahead 

Optional mixture of ripple-carry and carry-look-ahead 
Fully combinatorial 


ADDER can be customized with the parameter N, as shown in the following table: 


Parameter | Description 


Terminal Descriptions 
Netlist Order 
Option-dependent; consult the FDS manual. 


Functional Descriptions 


INPUTS: 
A[N-1:0] First input to add 
B[N-1:0] Second input to add 
Cl Optional carry-in 
OUTPUTS: 
S[N-1:0] Sum of A[N-1:0] and B[N-1:0] 
CO Optional carry-out 
Characterization 


Because of the large number of possible configurations, no attempt was made to characterize the 
ADDER cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. | 
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FDS Arithmetic and Logic Unit ALU 


Functional Description and Features 


The FDS arithmetic and logic unit allows the user to select one or more operations from a variety 
of supported arithmetic, boolean, and comparison operations. The size of an ALU may vary from 2 
to 128 bits. 

An ALU may contain two input ports (A and B), an input port for select lines (SEL), an output port 
(D), and a line (F) which contains the carry/borrow results of arithmetic operations and the results of 
comparison operations. Bus notation is available for the lines of ports A, B, and D. 


The ALU may be customized by selecting one or more of the following operations. The description of 
each operation includes its function and the input port(s) and output(s) used. 


DECRAC D=A-1;F = borrow 
UMINUSB D = -B = two’s complement of B; borrow ignored 
UMINUSBC _—D = -B = two’s complement of B; F = borrow 


Arithmetic operations: 
« ADD D =A+B8; carry ignored 
¢ ADDC D=A+B;F =Carry 
¢ SUB D = A-B ; Carry ignored 
* SUBC D=A-B;F = borrow 
e INCRA D =A+1 ; Carry ignored 
¢ INCRAC D=A+1;F =Carry 
« DECRA D = A- 1 ; borrow ignored 


Boolean operations: 


¢ AND D=AandB 

¢ OR D=AorB 

« NAND D = not (A and B) 
¢ NOR D = not (Aor B) 

« XOR D=AxorB 

« XNOR D = not (A xor B) 
¢ NOTA D = not (A) 

- NOTB D = not (B) 


Comparison operations: 


e EQL F=1ifA=B, else F=0 
« NEQ F=1 if A!=B, else F=0 
« LT F=1ifA<B, else F=0 
e LE F=1 if A<=B, else F=0 
© GT F=1if A>B, else F=0 
© GE F=1ifA>=B, elseF=0 


Terminal Descriptions 
Netlist Order 
Dependent on the number of operations; consult the FDS manual. 
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FDS Arithmetic and Logic Unit | ALU 


Functional Descriptions 


INPUTS: 
A[N-1:0] Signals of the A input port 
B[N-1:0] Signals of the B input port 
SEL[8:0] Select lines; dependent on the operations selected 
OUTPUTS: 
D[N-1:0] Signals of the output port 
F Contains borrow/carry result for applicable arithmetic operations 
and the result of comparison operations 
Characterization 


Because of the large number of possible configurations, no attempt was made to characterize the 
ALU cell. It is advisable to run CRITIC after generating any FDS block to verify that the performance 
matches your requirements. 
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FDS Combinational Block CMB 


Functional Description and Features 


The FDS combinational block allows the user to specify multiple output combinational circuits. The 
Output functions are defined with either truth table or Boolean equation format. 


The CMB has the following features: 


¢ Various logic minimization techniques 

¢ Use of complements as candidates for synthesis 

e Optional user-specified input and output names 

¢ Optional user-specified, maximum fan-in for gates (a value less than nine fan-ins, the default) 


CMB can be customized with the parameters M and N as shown in the following table: 


Terminal Descriptions 
Netlist Order 
Option-dependent; consult the FDS manual. 


Functional Descriptions 


INPUTS: 
IN-NAME_1, IN_NAME_2.......... IN_NAME_M 
User-defined, no default name 

OUTPUTS: 


OUT_NAME_1, OUT_NAME __2.......... OUT_NAME_N 
User-defined, no default name 


Characterization 


Because of the large number of possible configurations, no attempt was made to characterize the 
CMB cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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FDS Comparator | COMP 


Functional Description and Features 
The FDS comparator compares two binary or decimal numbers for logical conditions selected by the 


user. Logical conditions include magnitude (greater-than/less-than), equality (inequality), and 


combinations of magnitude and equality. 
The COMP has the following features: 


Optional decimal or binary comparator structure 

BCD, EXCESS-3, or EXCESS-3-GRAY codes are available for the decimal decoder 
Bus or non-bus pin notation 

One or more comparison criteria can be chosen 

Optional active-low or active-high output signals 

Optional inverted inputs 


COMP can be customized with the parameter N, as shown in the following table: 


en GR... Sa 


a: Decimal Bits 


Terminal Descriptions 
Netlist Order 
Option-dependent; consult the FDS manual. 


Functional Descriptions 


INPUTS: 
A[N-1:0] Operand A 
B[N-1:0] Operand B 
OUTPUTS: 
LT A<B 
EQ A=B 
GT A>B 
LE A<=B 
GE A>=B 
NE A!=B 
Characterization 


Because of the large number of possible configurations, no attempt was made to characterize the 
COMP cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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FDS Counter COUNTER 


Functional Description and Features 


The FDS counter is a binary up-or-down counter. The size of counter may vary from 2 to 128 bits. 
Counters with more than 16 bits use ripple carry. 


The COUNTER has the following features: 


Optional parallel load 

Bus or non-bus pin notation 

Optional bits tapped as Q (QN) outputs 

Optional up, down, or up-down counting scheme 
Optional decode-binary counter 

Optional fast or ripple-carry scheme 

Optional PRESET, PRECLEAR, or INITIALIZATION control signal 
Optional asynchronous or synchronous control timing 
Optional inhibit signal 

Optional dynamic or static clocking scheme 

Optional rising or falling edge-triggered static clock 


COUNTER can be customized with the parameter N, as shown in the following table: 


Optional Condition 


Ripple Carry 


Initial Signal 
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FDS Counter | COUNTER 


Terminal Descriptions 

Netlist Order 

Option-dependent; consult the FDS manual. 
Functional Descriptions 


INPUTS: 
PI[N-1:0] Parallel-loaded input signals 
CTLD Count/load control 
CUCD Counter up/down control 
Cl Carry-in 
INH Control input clock inhibit signal 
PS Preset sets each bit in the counter to 1 
PC Preclear sets each bit in the counter to 0 
INIT Initialization sets the counter to a bit pattern specified by the user 
CK Static clocking is triggered by the rising edge or the falling edge of 
the clock 
MCK,SCK,MCKN,SCKN 
Four clocks for dynamic clocking 
OUTPUTS: 
Q\(N-1:0] Output signals of the counter 
QN[N-1:0] Complementary output signals of the counter 
CO Carry-out 
Characterization 


Because of the large number of possible configurations, no attempt was made to characterize the 
COUNTER cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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FDS Synthesized Macrocells 


FDS Decoder DECODER 


Functional Description and Features 


The FDS decoder is a select-line to output-line decoder. Select lines (inputs) jointly represent a 
binary or decimal-encoded number. 


The DECODER has the following features: 


¢ Optional decimal and binary decoder structure 

BCD, EXCESS-3 or EXCESS-3-GRAY codes are available for decimal decoders 
Bus or non-bus pin notation 

User-specified number of select and output lines, using guidelines given below 
Optional inverted select lines 

Optional active-low or active-high output signal 

Optional enable signal 


DECODER can be customized with the parameters M and N as shown in the following table: 


Binary 
Output Lines 1 oM-114] oM 
Output Lines | Select Lines 
neers 


“For decimal decoder, the select lines must equal 4 or 8; the number of output lines for 
each configuration is specified above. 
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FDS Decoder DECODER 


Terminal Descriptions 

Netlist Order 

Option-dependent; consult the FDS manual. 
Functional Descriptions 


INPUTS: 
S[M-1:0] Select lines 
EN Enable signal 
OUTPUTS: 
Y([N-1:0] It sets the output line that has the same numeric value as the 
encoded number to its active voltage level. 
Characterization 


Because of the large number of possible configurations, no attempt was made to characterize the 
DECODER cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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FDS Finite-State Machine FSM 


Functional Description and Features 


The FDS finite-state machine synthesizer models circuit behavior in terms of a number of states, 
state transitions, and output functions. The FSM synthesizer produces implementation in standard 
cells, and input files for MOTIS3 functional simulation. 


The FSM has the following features: 


Support of vector format for inputs and outputs 

User-specified inputs and outputs 

Specification of state transitions and output functions via state-transition diagram 
User-specified INITIALIZATION signal 

Optional asynchronous or synchronous control scheme 

Optional dynamic or static clocking scheme 

Optional rising edge or falling edge of static clock 

Create a simulation model for input to MOTIS3 

State-based simulation 


FSM has the following constrain: 
Inputs + outputs + present-state signals + next-state signals < 128 


Terminal Descriptions 
Netlist Order 
Option-dependent; consult the FDS manual. 


Functional Descriptions 


INPUTS: 
User-defined 
CK Static clocking is triggered by the rising edge or the falling edge of 
the clock 
MCK,SCK,MCKN,SCKN 
Four clocks for dynamic clocking 
INIT Initialization! signal 
OUTPUTS: 


User-defined 


_ 
Characterization 


Because of the large number of possible configurations, no attempt was made to characterize the 
FSM. It is advisable to run CRITIC after generating any FDS block to verify that the performance 
matches your requirements. 
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FDS Multiplexer MUX 


Functional Description and Features 
The FDS multiplexer is a multi-word-to-one-word or multi-line-to-one-line multiplexer. 
The MUX has the following features: 


¢ Bus or non-bus pin notation 

Optional encoded select lines 

User-specified number of words and number of bits per word 

Optional inverted select lines 

Optional enable signal 

Optional forced outputs to high, low, or 3-state when enable signal is inactive 
Optional complementary outputs 

Optional use of large cells (e.g. AOI3333) 


MUX(N,M) can be customized with the parameters K, M, and N as shown in the following table: 
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FDS Multiplexer MUX 


Terminal Descriptions 
Netlist Order 
Option-dependent; consult the FDS manual. 


Functional Descriptions 


INPUTS: 
D[N-1:0, M-1:0] The root name for the input signals 
S[K-1:0] Select lines 
EN Optional enable line 
OUTPUTS: 
Y[N-1:0] Normal output 
YN[N-1:0] Complementary output 
Characterization 


Because of the large number of possible configurations, no attempt was made to characterize the 
MUX cell. It is advisable to run CRITIC after generating any FDS block to verify that the 
performance matches your requirements. 
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FDS Parity Generator PAR 


Functional Description and Features 


The FDS parity generator can generate odd, even, or odd and even parity via the implementation of 
a tree of XOR cells. 


PAR has the following features: 


Bus or non-bus pin notation 

User-specified number of bits 

Optional inverted inputs 

Optional parity generated of ODD, EVEN, or BOTH 
Optional active-low or active-high output signals 


PAR can be customized with the parameter N as shown in the following table: 


a eee 


Terminal Descriptions 
Netlist Order 
Option-dependent; consult the FDS manual. 


Functional Descriptions 


INPUTS: 
D[N-1:0] N bits inputs 
OUTPUTS: 
ODD When ODD or BOTH parity is selected 
EVEN When EVEN or BOTH parity is selected 
Characterization 


Because of the large number of possible configurations, no attempt was made to characterize the 
PAR cell. It is advisable to run CRITIC after generating any FDS block to verify that the performance 
matches your requirements. 
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FDS Universal Register UNREG 


Functional Description and Features 


The FDS universal register can be an ordinary latch (parallel-in, parallel-out) or a shift (serial-in, 
parallel-out) register. It also accommodates combined parallel and serial input to parallel output. 


The UNREG has the following features: 


Shift can be right-to-left, left-to-right, or bidirectional 

Optional parallel, serial or both of data input mode 

Bus or non-bus pin notation 

Optional bits tapped as Q (QN) outputs, also allow the user to enter the specified bit- 

pattern for tapping Q (QN) output signals 

e PRESET, PRECLEAR, and INITIALIZATION are available with asynchronous or 
synchronous control 

¢ Optional inhibit signal INH 

¢ Optional dynamic or static clocking scheme 

¢ Optional rising or falling edge of static clock 


UNREG can be customized with the parameter N as shown in the following table: 


Condition seserption |——_timit 
With 
Initialization Signa 
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FDS Universal Register 


Terminal Descriptions 
Netlist Order 
Option-dependent; consult the FDS manual. 


Functional Descriptions 


UNREG 


INPUTS: 
PI[N-1:0] The root name of input signal 
LE Left entry (right shift) 
RE Right entry (left shift) 
RL Bidirectional shift 
SHLD Shift/Load 
INH Inhibit signal 
PS Preset 
PC Preclear 
INIT Initialization signal 
CK Static clocking is triggered by the rising edge or the falling edge of 
the clock | 
MCK,SCK,MCKN,SCKN 
Four clocks for dynamic clocking 
OUTPUTS: 
QIN-1:0] Normal outputs 


QN[N-1:0] Complementary outputs 


Characterization 


Because of the large number of possible configurations, no attempt was made to characterize the 
UNREG cell. It is advisable to run CRITIC after generating any FDS block to verify that the 


performance matches your requirements. 
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MSI/LSI Functions 


Section 11 
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Introduction MSIi/LSI Functions 


This section describes a variety of digital functions that are available in the 0.9um CMOS Library. 
Many of the functions are provided as standard-cell netlists and can either be used ’as-is’ or can be 
modified to suit your particular needs. Using one of these netlists as a starting point could save you 
some time compared to starting from scratch. 


The CM-series of cells in this section is very similar to some 74XxX-series functions. For example, the 
CM22 is functionally equivalent to the 7442 4-Line-to-10-Line, BCD-to-Decimal Decoder. 


The functionality for these cells is described either in detailed schematics (for simple functions) or in 
the block diagrams (for more complex functions). 


Timing characteristics provided in this section are obtained with AT&I’s static timing analyzer, 
CRITIC. They are estimated with an average routing capacitance of 0.10 pF per fanout. The more 
accurate circuit simulator, GSIM, should be used to verify the proper timing for your final designs. 


For more detailed information regarding the use of these functions, please contact your AT&T 
representative. 
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2-Bit Arithmetic Logic Unit ALU2 


146 grids, 214 transistors 


Functional Description and Features 


The ALU2 performs arithmetic and logic operations on two 2-bit words. These operations are select- 
ed by four function-select lines (SO, S1, S2, S3). The operation mode is controlled by the LAN input. 
It is implemented with standard-cells. 


¢ Arithmetic operating modes: 

— Addition 

— Subtraction 

— Other arithmetic operations 
¢ Logic function modes: 

— Exclusive-OR 

— Comparator 

— AND, NAND, OR, NOR 

— Other logic operations 


Terminal Descriptions 
Netlist Order 


INPUTS: AO, A1, BO, B1, SO, $1, $2, $3, CNO, LAN 
OUTPUTS: FO, F1, XN, YN, CNP2, AEB 


Functional Descriptions 


inputs: 
A(0:1] Word A inputs 
B[O:1] Word B inputs 
S[0:3] Function-select inputs 
CNO Inverted carry input 
LAN Mode control input 
Outputs: 
F[0:1] Function outputs 
XN Carry PROPAGATE output 
YN Carry GENERATE output 
CNP2 Inverted carry output 
AEB Comparator output 
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2-Bit Arithmetic Logic Unit ALU2 


Detailed Schematic 
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2-Bit Arithmetic Logic Unit 


Characteristics 


SWITCHING CHARACTERISTICS 
Vbp=5.0V, T=25°C, Nominal Processing 


on To 
Input Output Intrinsic ee Extrinsic 


A[0:1],B[0:1],S[0:3] 
A[0:1],B[0:1],S[0:3] 
A[0:1],B[0:1],S[0:3] 
A[0:1],B[0:1],S[0:3] 


A[0:1],B[0:1],S[0:3] 
A[0:1],B[0:1],S[0:3] 


A[0:1],B[0:1],S[0:3] 
A(0:1],B[0:1],S[0:3] 
A[0:1],B[0:1],S[0:3] 
A[0:1],B[0:1],S[0:3] 


CNO 
CNO 
CNO 
CNO 


CNO 
CNO 


LAN 
LAN 
LAN 
LAN 
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F[0:1]T 
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XNT 
XNL 
YNT 
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AEB 
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2-Bit Arithmetic Logic Unit ALU2 


Functional Modes 


ACTIVE HIGH DATA 
SELECTION LAN-H LAN=L ARITHMETIC OPERATIONS 


LOGIC CNO=H CNO=L 
(no Carry) (with carry) 


FUNCTIONS 
F=A 
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“Means LEFT SHIFT operation on A. 
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4-Bit Arithmetic Logic Unit ALU4 


316 grids, 462 transistors 


Functional Description and Features 


The ALU4 is functionally equivalent to the 74181 Arithmetic Logic Unit/Functional Generator within 
the standard 74XX Series logic families of devices. The ALU4 performs arithmetic and logic 
operations on two 4-bit words. These operations are selected by four function-select lines (SO, S1, 
$2, S3). The operation mode is controlled by the LAN input. It is implemented with standard-cells. 


¢ Arithmetic operating modes: 

— Addition 

— Subtraction 

~ Other arithmetic operations 
¢ Logic function modes: 

— Exclusive-OR 

— Comparator 

— AND, NAND, OR, NOR 

— Other logic operations 


Terminal Descriptions 
Netlist Order 


INPUTS: AO, A1, A2, A3, BO, B1, B2, B3, SO, $1, S2, S3, CNO, LAN 
OUTPUTS: FO, F1, F2, F3, XN, YN, CNP4, AEB 


Functional Descriptions 


inputs: 
A[0:3] Word A inputs 
B[0:3] Word B inputs 
S[0:3] Function-select inputs 
CNO Inverted carry input 
LAN Mode control input 
Outputs: 
F[0:3] Function outputs 
XN Carry PROPAGATE output 
YN Carry GENERATE output 
CNP4 Inverted carry output 
AEB Comparator output 
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4-Bit Arithmetic Logic Unit ALU4 


Detailed Schematic 
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4-Bit Arithmetic Logic Unit ALU4 


Detailed Schematic (continued) 
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4-Bit Arithmetic Logic Unit 


Characteristics 


A[0:3],B[0:3],S[0:3] 
A{0:3],B[0:3],S[0:3] 
A[0:3],B[0:3],S[0:3] 
A(0:3],B[0:3],S[0:3] 


A[0:3],B[0:3],S[0:3] 
A[0:3],B[0:3],S[0:3] 


A[0:3],B[0:3],S[0:3] 
A[0:3],B[0:3],S[0:3] 
A[{0:3],B[0:3],S[0:3] 
A[{0:3],B[0:3],S[0:3] 


CNO 
CNO 
CNO 
CNO 


CNO 
CNO 


LAN 
LAN 
LAN 
LAN 
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SWITCHING CHARACTERISTICS 
Vop=5.0V, T=25°C, Nominal Processing 


rm To | Area |_——=Performance 
Input Output Intrinsic ee Extrinsic 


AEBT 
AEBL 
CNP4T 
CNP4AL 


F[0:3]7 
F[0:3]/ 


XNT 
XNJ 
YNT 
YNJ 


AEBT 
AEBL 
CNP4T 
CNP4L 


F[0:3]T 
F[0:3] 


AEBT 
AEBL 
F[0:3]T 
F[0:3]/ 


ALU4 


4-Bit Arithmetic Logic Unit | ALU4 


Functional Modes 


ACTIVE HIGH DATA 
SELECTION LAN=H LAN=L ARITHMETIC OPERATIONS 


LOGIC CNO=H CNO=L 
(no carry) (with carry) 


S$ S2 S1 SO] FUNCTIONS 


L cL ebL eLFseA FeA F=Aplus 1 

L bL LH FsA+B F = A+B F = (A+B) plus 1 

L cL eH L|F=AB F=A+B F = (A+B) plus 1 

L L H H | F=zero F = minus 1{ 2’s Compl)| F = zero 

L H Lt L|F=AB F = Aplus AB F =Aplus ABplus 1 

L H L H|FsB F = (A+B) plus AB F = (A+B) plus ABplus 1 
L H H L F = A®B F =Aminus B minus 1| F = A minus B 

L H H H|F=AB F = AB minus 1 F = AB 

H LCL LL | FeA+B F=Aplus AB F=Aplus ABplus 1 

H L L H | F=A6B F=Aplus B F =A plus B plus 1 

H tL H L4IFsB F = (A+B) plus AB F = (A+B) plus ABplus 1 
H LL H 4H F=AB F = AB minus 1 F=AB 

H H L L|Fe1 F = Aplus A* F = Aplus A plus 1 

H H LH | F=AsB F = (A+B)plus A F = (A+B)plus Aplus 1 
H H HL | F=A+B F + (A+B)plus A F = (A+B) plus Aplus 1 
H H H HIFeA F=A minus 1 F=A 


* Means LEFT SHIFT operation on A. 
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UART ARTI 


7736 grids, 11268 transistors 


Functional Description and Features 


The ARTI is an asynchronous receiver/transmitter interface. The device is used as a single-channel, 
half-duplex or full-duplex interface with data communication equipment (DCE) and data terminal 
equipment (DTE). The ARTI is compatible with the bus protocol and timing specifications of the Intel 
8051 Microcontroller and the Intel 8088 Microprocessor and can be used in a polled or interrupt- 
driven system. 


To reduce the interrupt overhead and potential for overruns, the transmitter has four data buffers 
and the receiver has six. 


This netlist is a circuit that can also be obtained as a stand-alone IC. Two package styles are available; 
a 24-pin, plastic DIP and a 28-pin SOJ. Contact your AT&T Representative for more information. 


Programmable data format: 

— Seven data bits plus parity 

— Odd, even, no parity 

— One or two stop bits 

Six receive and four transmit data buffers 

Receive break detection and transmit break generation. 

Intel 8088 and 8051 Microprocessor interface without wait-states. 


Clear-to-send/request-to-send selectable signals for DTE or DCE modes and EIA flow 
control. 


Programmable interrupt system: 
— Fill-level interrupt of receive FIFOs (first-in, first-out). 


— Receive break detection and error-interrupt. 

— Empty level of transmit FIFO. 

Transmit/receive FIFO status bits indicate FIFO levels. 
Flexible polling capabilities. 

On-chip, programmable baud rate generator. 
Speed-matching (autobaud) capability. 


Terminal Descriptions 
Netlist Order 


INPUTS: ADIO, ADI1, ADI2, ADI3, ADI4, ADI5, ADI6, ADI7, RDN, WRN, ALE, CSN, 


HWRESET, CLK1, SERDATIN, RTS, DTR 


OUTPUTS: DFCO, DFC1, DFC2, DFC3, DFC4, DFC5, DFC6, DFC7, SERDAT, CTS, DSR, 


RXI, TX 
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UART 


Functional Descriptions 


Inputs: 


CSN 
HWRESET 
CLK1 
SERDATIN 
RTS 

DTR 


Outputs: 


SERDAT 
CTS 

DSR 

RXI 

TX! 
REGREAD(N) 


Bidirectionals: 
ADI[0:7], DFC[0:7] 


Block Diagram 


Read enable (microprocessor interface) 

Write enable (microprocessor interface) 
Address latch enable (microprocessor interface) 
Chip select (microprocessor interface) 
Power-up reset 

Clock 

Serial receive data 

Request to send 

Data terminal ready 


Serial transmit data 
Clear to send 

Data set ready 
Receive interrupt 
Transmit interrupt 


ARTI 


3-state control signals for user-supplied, bidirectional buffers 


Address and data bus (microprocessor interface) 


RECEIVE FIFO 
6 BYTES 


RECEIVE 
SERDATIN SHIFT 


REGISTER 


MODEM 
CONTROL 


INTERRUPT 
CONTROL 


TRANSMIT 
SERDAT SHIFT 


REGISTER 


uP 


CONTROL INTERFACE 


REGISTERS 


DFC[0:7] [aoi07 


USER-SUPPLIED 


TRANSMIT FIFO 


4 BYTES 
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BIDIRECTIONAL 
BUFFERS TO 
MICROPROCESSOR 5 
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UART ARTI 


Characteristics 


SWITCHING CHARACTERISTICS 
VoD=5.0V, T=25°C, Nominal Processing 


To 


DFC[0:7]T 
DFC[0:7]\ 
DFCjo:7]T 
DFC[0O:7}N 
DFC[0:7]T 
DFC[0:7] 


DFCjO:7]T 


DFC[0:7}/ 


TIMING REQUIREMENTS 
Vpbp=5.0V, T=25°C, Nominal Processing 
Area Perf. 
Description value | value 


Minimum ADI[0:7] Setup before ALE 
Minimum ADI[0:7] Setup before CSN 
Minimum CLK1 Setup before CSN 
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UART ARTI 


Application Notes 


DISPLAY 
& 
CONTROL 


KEYBOARD 
RS-232C 


EIA CONN. 


DRIVERS/RECEIVERS 
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Bit-Slice Microprocessor BL29C01 


2593 grids, 3230 transistors 


Functional Description and Features 


The BL29C01 is the functional equivalent of AMD’s 2901 four-bit microprocessor slice. AMD 
describes the 2901 as follows: "The 2901 is a high-speed, cascadable ALU intended for use in CPUs, 
peripheral controllers, and programmable microprocessors. The microinstruction flexibility of the 
2901 permits efficient emulation of almost any digital computing machine." 


The device, aS shown in the block diagram, consists of a 16-word by 4-bit-per-word dual-port RAM, 
an eight function ALU, and associated shifting, decoding, and multiplexing circuitry. The 9-bit 
microinstruction word is organized into three groups of three bits each that select the ALU source 
operands, the ALU function, and the ALU destination register. The 2901 is cascadable with full look- 
ahead or with ripple carry, has 3-state outputs, and provides various status flag outputs from the 
ALU. 


Terminal Descriptions 


Netlist Order 


INPUTS: 18, 17, 16, 15, 14, 13, 12, 11, 10, A3, A2, Ai, AO, B3, B2, B1, BO, D3, D2, D1, DO, 
RAMOI, RAM3I, QOl, Q3l, CN, CP, OEN 


OUTPUTS: Y3, Y2, Y1, YO, GN, PN, OVR, FEQO, F3, CN4, RAMOO, RAM30, Q00O, Q30 


Functional Descriptions 


Inputs: 

[8:0] The nine instruction control lines. Used to determine what data 
sources will be applied to the ALU (I[0:2]), what function the ALU will 
perform (I[3:5]), and what data is to be deposited in the Q-register or 
the register stack (1[6:8)). 

A[3:0] The four address inputs to the register stack used to select one regis- 
ter whose contents are displayed through the A port. 

B[3:0] The four address inputs to the register stack used to select one regis- 
ter whose contents are displayed through the B port and into which 
new data can be written when the clock goes low. 

D[3:0] Direct data inputs. A four-bit data field which may be selected as one 
of the ALU data sources for entering data into the device. 

CN The carry-in to the internal ALU. 

CP The clock input. 

OEN Output enable, active-low. 

Outputs: 

Y[3:0] The four data outputs. When enabled, they display either the four out- 
puts of the ALU or the data on the A-port of the register stack. 

GN The carry-generate output of the internal ALU. 

PN The carry-propagate output of the internal ALU. 

OVR Overflow. This pin is logically the Exclusive-OR of the carry-in and 
Carry-out of the MSB of the ALU. 

FEQO Indicates the result of an ALU operation is zero. 

F3 The most significant ALU bit. 

CN4 The carry-out of the internal ALU. 
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Bit-Slice Microprocessor BL29C01 


Functional Descriptions (continued) 


Bidirectionals: 


RAMO A shift line at the LSB of the register stack. 
RAM3 A shift line at the MSB of the register stack. 
Q0 A shift line at the LSB of the Q register. 
Q3 A shift line at the MSB of the Q register. 


Block Diagram 


RAM SHIFT 
RA 


*B’ DATA IN- CP 
A‘(READ) F =e" 
ADDRESS 16 ADDRESSABLE 

» H T » 


'B(READ/WRITE) 
ADDRESS 


RAMO 


B 
i DATA 'B’ DATA 
O 


DIRECT 
BRERA ALU Sick i. 
Ee c 
PN 
CARRY IN R CN4 
> F3(SIGN) 
8-FUNCTION ALU OvR 


FEQO 


Q REGISTER 
Q 


OUTPUT 
ENABLE N OUTPUT DATA nm 


DATA OUT 
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Bit-Slice Microprocessor BL29C01 


Characteristics 


AREA-OPTIMIZED SWITCHING CHARACTERISTICS 
VpD=5.0V, T=25°C, Nominal Processing 


leeacinas Intrinsic Delay To Output (ns) 
From Input {| Y{0:3 F3 CN4 GN,PN  FEQO OVR RAM[0O,3]O  QJ0,3]O 


PERFORMANCE-OPTIMIZED SWITCHING CHARACTERISTICS 
Vop=5.0V, T=25°C, Nominal Processing 
Pee Delay To Output (ns) 


GN,PN  FEQQ OVR RAM/0,3]0 Q/0,3]0 


Extrinsic 
oe ool mail ena oe ae 


TIMING REQUIREMENTS 
VDD=5.0V, T=25°C, Nominal Processing 


Area Perf. 
Description piney pak 


Minimum A[0:3],B[0:3] 'Nininnhi AiO S]Bf6.S)'Seuip before CP.” before CP 
Minimum CN Setup before CPT 


Minimum D[0:3] Setup before CPT 


Minimum 1[0:2] Setup before CPT 
Minimum |[3:5] Setup before CPT 
Minimum |[6:8] Setup before CPL 


Minimum Q[0,3]I Setup before CPT 
Minimum RAM[0,3]! Setup before CPT 
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Microprogram Sequencer | BL29C09. 


733 grids, 1016 transistors 


Functional Description and Features 


The BL29C09 is the functional equivalent of AMD’s 2909 microprogram sequencer. The 2909 is a 4- 
bit-wide address controller intended for sequencing through a series of microinstructions contained 
in a ROM. Two or more 2909’s can be connected to form eight-bit or larger addresses. 


The device can be used to select an address from any of four sources. They are: 
* Aset of external inputs(D) 
e External data from the R inputs, stored in an internal register 
e A four-word-deep push/pop stack 
¢ A program counter register which usually contains the last address plus one. 


The push/pop stack includes control lines that enable it to efficiently execute nested subroutine link- 
ages. Each of the four outputs can be OR’ed with an external input for conditional skip or branch in- 
structions, and a separate line forces all of the outputs to 0. The outputs are 3-statable. 


Terminal Descriptions 


Netlist Order 


INPUTS: CK, RO, R1, R2, R3, REB, DO, D1, D2, D3, SO, S1, ORO, OR1, OR2, OR3, ZER- 
OB, OEB, CN, FEB, PUP 


OUTPUTS: YO, Y1, Y2, Y3, CN4 


Functional Descriptions 


inputs: 
CK Clock 
R[0:3] Inputs to the internal address register 
REB Enable line for internal address register, active-low 
D[0:3] Direct inputs to the multiplexer 
S[0:1] Control lines for address source selection 
OR[0:3] Logic OR inputs on each address output line 
ZEROB Logic AND input on the output lines, active-low 
OEB Output enable, active-low 
CN Carry-in to the incrementer 
FEB Control line for the push/pop stack, active-low 
PUP Control line for the push/pop stack 

Outputs: 
Y[0:3] Address outputs 
CN4 Carry-out from the incrementer 
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Microprogram Sequencer BL29C09 


BLOCK DIAGRAM 


R[0:3] PUP 
B 
4 


FE 
ADDRESS REG/ STACK 
HOLDING REG. i POINTER 
arti 4X4 FILE 


mer 


MICROPROGRAM 
COUNTER REGISTER 


INCREMENTER 
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Characteristics 


CKT 
CKT 
CkT 
CkT 


D[0:3] 
D[0:3] 
D[0:3] 
D[0:3] 


OEB 
OEB 


OR[0:3] 
OR[0:3] 
OR[0:3] 
OR[0:3] 


S[0:1] 
S[0:1] 
S[0:1] 
S[0:1] 
ZEROB 
ZEROB 


ZEROB 
ZEROB 
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icroprogram Sequence 


r 


SWITCHING CHARACTERISTICS 
Vpbp=5.0V, T=25°C, Nominal Processing 


To 


CN4T 
CN41 
Y[0:3]T 
Y[0:3N, 


CN4tT 
CN41 
Y[0:3]T 
Y[0:3]L 


Y[0:3]T 
Y[0:3}L 


CN4T 
CN41 
Y[0:3]T 
Y[0:3]) 


CN4T 
CN41 
y[o:3]T 
[0:3] 


CN4T 
CN4L 
Y[o:3]7 
Y[0:3)U 


BL29C09 
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Microprogram Sequencer BL29C09 


Characteristics (continued) 


TIMING REQUIREMENTS 
Vpb=5.0V, T=25°C, Nominal Processing 
Area Perf. 
Description value | value 


Minimum CN Setup before CKT 
Minimum D[0:3] Setup before CKT 


Minimum FEB Setup before CKT 


Minimum OR[0:3] Setup before CKT 
Minimum PUP Setup before CKT 
Minimum R[0:3] Setup before CKT 


Minimum REB Setup before CKT 
Minimum S[0:1] Setup before CKT 
Minimum ZEROB Setup before CKT 
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4-Phase Clock Generator CKGEN 


128 grids, 218 transistors 


Functional Description and Features 


The CKGEN is a 4-phase, non-overlapping clock generator. It is designed for logic verification and 
not meant to drive large capacitive loads. 


¢ NAND NOR implementation 
e Minimum built-in non-overlap 


Terminal Descriptions 
Netlist Order 


INPUTS: CKI 
OUTPUTS: MCK, SCK, MCKN, SCKN 


Functional Descriptions 


Inputs: 
CKI Input clock 
Outputs: 
MCK Master clock 
SCK Slave clock 
MCKN Complement of MCK 
SCKN Complement of SCK 
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4-Phase Clock Generator CKGEN 


Detailed Schematic 


CKI 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpbd=5.0V, T=25°C, Nominal Processing 


From Area Performance 


Intrinsic | Extrinsic | Intrinsic | Extrinsic 
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BCD-to-Decimal Decoder | CM42 


58 grids, 80 transistors 


Functional Description and Features 


The CM42 is functionally equivalent to the 7442 4-Line-TO-10-Line, BCD-to-Decimal Decoder within 
the standard 74XX Series logic families of devices. 


Terminal Descriptions 


Netlist Order 
INPUTS: A, B, C, D 
OUTPUTS: ZO, Z1, Z2, Z3, 24, Z5, Z6, Z7, Z8, Z9 


Functional Descriptions 


Inputs: 

A, B, C, D BCD inputs 
Outputs: 

Z[0:9] Decimal output 
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BCD-to-Decimal Decoder CM42 


Detailed Schematic 


| 9, 
@ 
NS 


BA Ba 


Characteristics 


SWITCHING CHARACTERISTICS 
Vod=5.0V, T=25°C, Nominal Processing 


|e | Area 
abled pes ee pokes 
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2-Bit, Binary Full Adder i* CM8&2 


48 grids, 68 transistors 


Functional Description and Features 


The CM82 is functionally equivalent to the 7482 2-Bit, Binary FULL ADDER within the standard 
74XX Series logic families of devices. 


Terminal Descriptions 


Netlist Order 
INPUTS: CO, AO, BO, A1, B1 
OUTPUTS: SO, $1, C2 


Functional Descriptions 


Inputs: 
Co Carry input 
A[0:1], B[0:1] Data input 
Outputs: 
S[0:1] Sum output 
C2 Carry output 
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2-Bit Binary Full Adder 


Detailed Schematic 


co 
g0 Ge 


Al 


Bt 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpb=5.0V, T=25°C, Nominal Processing 


From | To Area 
Input 


Output fc Extrinsic | Intrinsic | Extrinsic 


Cet 
Cal 
S[0:1]T 
S[0:1]L 


cet 
C2) 


siT 
Sil 


Cat 
Cal 


S[o:1]T 
S[0:1]L 
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CM82 


so 


S1 


c2 
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4-Bit Magnitude Comparator CM85 


104 grids, 144 transistors 


Functional Description and Features 


The CM85 is functionally equivalent to the 7485 4-Bit Magnitude Comparator within the standard 
74XX Series logic families of devices. 


Terminal Descriptions 


Netlist Order 
INPUTS: ALBI, AEBI, AGBI, A3, B3, A2, B2, A1, B1, AO, BO 
OUTPUTS: ALBO, AEBO, AGBO 


Functional Descriptions 


Inputs: 
A(L,E,GJBI Cascading inputs 
A[3:0], B[3:0] Data inputs 

Outputs: 
ALBO A less than B output 
AEBO A equal to B output 
AGBO A greater than B output 
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CM85 


4-Bit Magnitude Comparator 


Detailed Schematic 


a 
al 
< 


ALBO 
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4-Bit Magnitude Comparator 


Characteristics 


SWITCHING CHARACTERISTICS 
Vob=5.0V, T=25°C, Nominal Processing 
From To 
Input Output Intrinsic | Extrinsic | Intrinsic 


A[0:3],B[0:3] AEBOT 
A[0:3],B[0:3] AEBOL 
A[0:3],B[0:3] | ALBO,AGBOT 
A[0:3],B[0:3] | ALBO,AGBOL 
AEBI AEBOT 
AEBI AEBOL 
AGBI AGBOT 
AGBI AGBOL 
ALBI ALBOT 
ALBI ALBOL 
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CM85 
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3-to-8-Line Decoder/Demultiplexer CM138 


56 grids, 82 transistors 


Functional Description and Features 


The CM138 is functionally equivalent to the 74138 3-to-8-Line Decoder/Demultiplexer within the 
standard 74XX Series logic families of devices. 


Terminal Descriptions 
Netlist Order 


INPUTS: A, B, C, G1, G2A, G2B 
OUTPUTS: ZO, 21, Z2, Z3, Z4, Z5, Z6, Z7 


Functional Descriptions 


Inputs: 
A, B, C, Select inputs 
G1, G2[A,B] Enable inputs 
Outputs: 
Z[0:7] Data outputs 
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3-to-8-Line Decoder/Demultiplexer CM138 


Detailed Schematic 


A a Se z0 
ZOO 
nr to} 
mee hee 
B | 0-2 | | ele o 
INRB | ++ e 
ae Soe 
re 
AC Hl om Z2 
Tee TEE} 
INRB 
gee ND4 
ane 23 
A BD al Sanwa e 
be Ce 
oo INRE if ND4 
8 $ fe 24 
Pty e 
rT tity 
BA Aa ND4 
m 2m 
cad Rte) 75 
$462842 TT p 
\ h\ 28 ee es 
G2B Pl ND4 
Z6 
G2A oe tl D 
an es ee 


iF 
* 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpbd=5.0V, T=25°C, Nominal Processing 


| | ume | RY aa TE re | Et 
Intrinsic | Extrinsic | Intrinsic | Extrinsic 
_tes_| ow [Pi | ee || ee 


A,B,C Z[0:7]T 0.70 
A,B,C Z[0:7]\ 2.10 


G1,G2A,G2B | Z[0:7]T , 0.70 
G1,G2A,G2B | Z[0:7]/\ 2.10 


11-32 | MSI/LSI Functions 


1-of-16 Gated Data Select/Multiplexer CM150 


88 grids, 134 transistors 


Functional Description and Features 


The CM150 is functionally equivalent to the 74150 1-of-16 Gated Data Select/Multiplexer within the 
standard 74XX Series logic families of devices. 


Terminal Descriptions 


Netlist Order 


INPUTS: DO, D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, D11, D12, D13, D1i4, D15, A, B, 
C, D, SN 


OUTPUTS: Z 


Functional Descriptions 


Inputs: 

D[0:15] Data inputs 

A, B, C, D Data-select inputs 

SN Strobe input, active-low 
Outputs: 

Z Inverted data output 
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CM150 


1-of-16 Gated Data Select/Multiplexer 


Detailed Schematic 
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1-of-16 Gated Data Select/Multiplexer CM150 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpp=5.0V, T=25°C, Nominal Processing 


Area Performance 


Extrinsic 


A,B,C,D 


A,B,C,D ZL 


D[0:15] zt 
D[0:15] ZL 
SN zt 
SN ZL 
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1-of-8 Gated Data Select/Multiplexer CM151 


46 grids, 68 transistors 


Functional Description and Features 


The CM151 is functionally equivalent to the 74151 1-of-8 Gated Data Select/Multiplexer within the 
standard 74XX Series logic families of devices. 


Terminal Descriptions 


Netlist Order 
INPUTS: DO, D1, D2, D3, D4, D5, D6, D7, A, B, C, SN 
OUTPUTS: Y, W 


Functional Descriptions 


Inputs: 

D[0:7] Data inputs 

A, B, C Data-select inputs 

SN Strobe input, active-low 
Outputs: 

W Inverted output 

Y Output 
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1-of-8 Gated Data Select/Multiplexer CM151 


Detailed Schematic 


¥ 
750 
INRB 


SN 


Characteristics 


SWITCHING CHARACTERISTICS 
VpD=5.0V, T=25°C, Nominal Processing 


From | To 
Output Intrinsic | Extrinsic | Intrinsic | Extrinsic 


Input 
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1-of-8 Data Select/Multiplexer ~ CM152 


41 grids, 62 transistors 


Functional Description and Features 


The CMi152 is functionally equivalent to the 74152 1-of-8 Data Select/Multiplexer within the 
standard 74XX Series logic families of devices. 


Terminal Descriptions 

Netlist Order 
INPUTS: DO, D1, D2, D3, D4, D5, D6, D7, A, B, C 
OUTPUTS: Z 


Functional Descriptions 


Inputs: 

D[0:7] Data inputs 

A, B, C Select inputs 
Outputs: 

Zz Inverted output 
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1-of-8 Data Select/Multiplexer CM152 


Detailed Schematic 


Oo 
wn 
O 


> 
\n/ 

Zz 

ps] 

[6] 


: bo 
Characteristics 


SWITCHING CHARACTERISTICS 
VpD=5.0V, T=25°C, Nominal Processing 


Intrinsic | Extrinsic Extrinsic 
Input | Output ns/pF 


ZT 
ZL 


zt 
ZL 
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4-Line-to-1 Data Select/Multiplexer CM153X 


24 grids, 34 transistors 


Functional Description and Features 


The CM153X is functionally equivalent to one-half of the 74153 Dual, 4-Line-to-1-Line Data 
Select/Multiplexer within the standard 74XX Series logic families of devices. 


Terminal Descriptions 
Netlist Order 


INPUTS: 1GN, 1D0, 1D1, 1D2, 1D3, A, B 
OUTPUTS: 1Z 


Functional Descriptions 


Inputs: 
1GN Strobe input, active-low 
1D[0:3] Data inputs 
A, B Select inputs 
Outputs: 
1Z Data output 
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4-Line-to-1 Data Select/Multiplexer CM153X 


Detailed Schematic 


1Z 


Ds 
INRB 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpbd=5.0V, T=25°C, Nominal Processing 


eee |e Area 
Input | Output Intrinsic | Extrinsic | Intrinsic | Extrinsic 


ns 
1D[0:3] 


1D[0:3] 


1GN 
1GN 


A,B 
A,B 
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2-Line-to-1-Line Data Select/Multiplexer CM157X 


10 grids, 14 transistors 


Functional Description and Features 


The CM157X is functionally equivalent to one-fourth of the 74157 Quadruple, 2-Line-to-1-Line Data 
Select/Multiplexer within the standard 74XX Series logic families of devices. 


Terminal Descriptions 
Netlist Order 


INPUTS: A1, B1,S, GN 
OUTPUTS: Z1 


Functional Descriptions 


inputs: 

A1, B1 Data inputs 

S Select input 

GN Strobe input, active-low 
Outputs: 

21 Data output 
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2-Line-to-1-Line Data Select/Multiplexer CM157X 


Detailed Schematic 


Characteristics 


SWITCHING CHARACTERISTICS 
VpD=5.0V, T=25°C, Nominal Processing 


From | To 
Output 


Input Intrinsic | Extrinsic 
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2-Line-to-1-Line Data Select/Multiplexer  CM158X 


13 grids, 18 transistors 


Functional Description and Features 


The CM158X is functionally equivalent to one-fourth of the 74158 Quadruple, 2-Line-to-1-Line, 
Inverting Data Select/Multiplexer within the standard 74XX Series logic families of devices. 


Terminal Descriptions 


Netlist Order 
INPUTS: A1, B1, GN, S 
OUTPUTS: 21 


Functional Descriptions 


Inputs: 
Ai, B1 Data inputs 
GN Strobe input, active-low 
S) Select input 
Outputs: 
21 Inverted data output 
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2-Line-to-1-Line Data Select/Multiplexer CM158X 


Detailed Schematic 


Characteristics 


SWITCHING CHARACTERISTICS 
VppD=5.0V, T=25°C, Nominal Processing 


From | To |. Area 
Output 


Intrinsic | Extrinsic | Intrinsic | Extrinsic 
n 


Input 
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Synchronous, 4-Bit Decade Counter CM160 


150 grids, 216 transistors 


Functional Description and Features 


The CM160 is functionally equivalent to the 74160 Synchronous, 4-Bit Decade Counter with 
Asynchronous CLEAR within the standard 74XX Series logic families of devices. 


Terminal Descriptions 


Netlist Order 
INPUTS: A, B, P, L, T, CK, CD, C, D 
OUTPUTS: QA, QAN, QB, QBN, QC, QCN, QD, QDN, CO 


Functional Descriptions 


Inputs: 

A, B, C, D Data inputs 

P,T Enable inputs 

L Load input, active-low 

CK Clock input 

CD Asynchronous clear input, active-low 
Outputs: 

Q[A,B,C,D] Data outputs 

Q[A,B,C,D]N Complimentary data outputs 

ee) Carry output 


11-46 MSI/LSI Functions 


CM160 


Svnchronous, 4-Bit Decade Counter 


Detailed Schematic 


11-47 
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Synchronous, 4-Bit Decade Counter | - CM160 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpp=5.0V, T=25°C, Nominal Processing 


From To Performance 
Input Output Intrinsic 


ANY QJ 
ANY QNT 


ANY Qt 
ANY Ql 


cot 
col 


cot 
col 


TIMING REQUIREMENTS 
Vobd=5.0V, T=25°C, Nominal Processing 


Area | Perf. 
Description value | value 
ns ns 


Minimum A,B,C,D Setup before CKT 
Minimum L Setup before CKT 


Minimum P Setup before CKT 
Minimum T Setup before CKT 
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Synchronous, 4-Bit Binary Counter CM161 


143 grids, 206 transistors 


Functional Description and Features 


The CM161 is functionally equivalent to the 74161 Synchronous, 4-Bit Binary Counter with 
Asynchronous CLEAR within the standard 74XX Series logic families of devices. 


Terminal Descriptions 


Netlist Order 
INPUTS: A, B, P, T, CK, CD, L, C, D 
OUTPUTS: QA, QAN, QB, QBN, QC, QCN, QD, QDN, CO 


Functional Descriptions 


Inputs: 
A, B, C, D Data inputs 
P,T Enable inputs 
CK Clock input 
CD Asynchronous clear input, active-low 
L Load input, active-low 
Outputs: 
QI{A,B,C,D] Data outputs 
Q{A,B,C,DJN Complimentary data outputs 
co Carry output 
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CM161 


Svnchronous, 4-Bit Binary Counter 


Detailed Schematic 


a 

” 

- 

z5 a 

Q ue 
e) oO 
a 
° 
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Svnchronous, 4-Bit Binary Counter CM161 


Characteristics 


SWITCHING CHARACTERISTICS 
Vop=5.0V, T=25°C, Nominal Processing 


From To Performance 
input Output Intrinsic | Extrinsic 


ANY Ql! 
ANY QNT 


ANY Qt 
ANY QJ 


cot 
col 


cot 
col 


TIMING REQUIREMENTS 
Vpp=5.0V, T=25°C, Nominal Processing 
Area Perf. 
Description value | value 


Minimum A,B,C,D Setup before CKT 
Minimum L Setup before CKT 


Minimum P Setup before CKT 
Minimum T Setup before CKT 
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Synchronous, 4-Bit Decade Counter ~ CM162 


141 grids, 200 transistors 


Functional Description and Features 


The CM162 is functionally equivalent to the 74162 Synchronous, 4-Bit Decade Counter with 
Synchronous CLEAR within the standard 74XX Series logic families of devices. 


Terminal Descriptions 
Netlist Order 


INPUTS: A, B, P, L, T, CK, CL, C, D 
OUTPUTS: QA, QAN, QB, QBN, QC, QCN, QD, QDN, CO 


Functional Descriptions 


inputs: 

A, B, C, D Data inputs 

Por Enable inputs 

L Load input, active-low 

CK Clock input 

CL Synchronous Clear input, active-low 
Outputs: 

Q[A,B,C,D] Data outputs 

Q{A,B,C,DJN Complimentary data outputs 

ofe) Carry output 
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CM162 


Synchronous, 4-Bit Decade Counter 


Detailed Schematic 
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Svnchronous, 4-Bit Decade Counter CM162 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpp=5.0V, T=25°C, Nominal Processing 


From To Area Performance 


Extrinsic | Intrinsic 


TIMING REQUIREMENTS 
Vobd=5.0V, T=25°C, Nominal Processing 


Area | Pert. 
Description value | value 
ns ns 
Minimum A,B,C,D Setup before CKT 
Minimum CL Setup before CKT 


Minimum L Setup before CKT 


Minimum P Setup before CKT 
Minimum T Setup before CKT 
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synchronous, 4-Bit Binary Counter CM163 


135 grids, 194 transistors 


Functional Description and Features 


The CM163 is functionally equivalent to the 74163 Synchronous, 4-Bit Decade Counter with 
Synchronous CLEAR within the standard 74XX Series logic families of devices. 


Terminal Descriptions 


Netlist Order 
INPUTS: A, B, P, T, CK, L, CL, C, D 
OUTPUTS: QA, QAN, QB, QBN, QC, QCN, QD, QDN, CO 


Functional Descriptions 


Inputs: 

A, B,C, D Data inputs 

P,T Enable inputs 

CK Clock input 

L Load input, active-low 

CL Synchronous clear input, active-low 
Outputs: 

Q{A,B,C,D] Data outputs 

Q{A,B,C,D]JN Complimentary data outputs 

co Carry output 
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CM163 


Synchronous, 4-Bit Binary Counter 


Detailed Schematic 
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Synchronous, 4-Bit Binary Counter CM163 


Characteristics 


SWITCHING CHARACTERISTICS 
Vop=5.0V, T=25°C, Nominal Processing 
From To 


TIMING REQUIREMENTS 
Vpp=5.0V, T=25°C, Nominal Processing 


Area | Perf. 
Description value | value 
ns ns 


A a PS PE PY RS PRA 


Minimum A,B,C,D Setup before CKT 
Minimum CL Setup before CKT 
Minimum L Setup before CKT 


Minimum P Setup before CKT 
Minimum T Setup before CKT 
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Synchronous, 4-Bit Up/Down Counter CM169 


161 grids, 228 transistors 


Functional Description and Features 


The CM169 is functionally equivalent to the 74169 Synchronous, 4-Bit Up/Down Counter within the 
standard 74XX Series logic families of devices. 


Terminal Descriptions 
Netlist Order 


INPUTS: A, B, PN, TN, CK, UP, L, C, D 
OUTPUTS: QA, QB, QC, QD, CON 


Functional Descriptions 


Inputs: 

A, B, C, D Data inputs 

PN, TN Count enable inputs, active-low 

CK Clock input 

UP Up/Down-select input 

L Load input, active-low 
Outputs: 

Q{A,B,C,D] Data outputs 

CON Inverted carry output 
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CM169 


Synchronous, 4-Bit Up/Down Counter 


Detailed Schematic 
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Synchronous, 4-Bit Up/Down Counter  CM169 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpp=5.0V, T=25°C, Nominal Processing 


From To 


TIMING REQUIREMENTS 
Vpp=5.0V, T=25°C, Nominal Processing 
Area | Pert. 
Description value | value 


Minimum A,B,C,D Setup before CKT 
Minimum L Setup before CKT 
Minimum PN Setup before CKT 


Minimum TN Setup before CKT 
Minimum UP Setup before CKT 
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Cyclic Redundancy Checker CRC 


1620 grids, 2434 transistors 


Functional Description and Features 


This subcircuit is used to check or generate the CCITT Cyclic Redundancy Check when connected to 
a parallel bus (8- or 16-bits wide). The design operates with INTEL 8051, 80186 (8 MHz) and 
MC68010 (10 MHz) microprocessors. The subcircuit receives asynchronous signals from the 
microprocessor and synchronizes them to the internal chip clock of the semi-custom circuit. 


Terminal Descriptions 


Netlist Order 


INPUTS: CLK, READ, OVRDCSN, CSN, AD1, ADO, WORDN, QUAL, BLDATIO, BLDATI1, 
BLDATI2, BLDATI3, BLDATI4, BLDATI5, BLDATI6, BLDATI7, BHDATIO, BH- 
DATI1, BHDATI2, BHDATI3, BHDATI4, BHDATI5, BHDATI6, BHDATI7 


OUTPUTS: LMCRCO, LMCRC1, LMCRC2, LMCRC3, LMCRC4, LMCRC5, LMCRC6, 
LMCRC7, HMCRCO, HMCRC1, HMCRC2, HMCRC3, HMCRC4, HMCRC5, 
HMCRC6, HMCRC7, CRCCKN 


Functional Descriptions 


Inputs: 
CLK Clock 
READ Read/Write 
OVRDCSN Override chip select (active-low) 
CSN Chip select (active-low) 
AD{1:0] Address leads 
WORDN Byte/ Word Mode 
QUAL Qualifier 
BLDATI[0:7] Lower-order data bus 
BHDATI[0:7] Higher-order data bus 
Outputs: 
LMCRC[0:7] Lower-order data bus 
HMCRC[0:7] Higher-order data bus 
CRCCKN CRC check (active-low) 


MSI/LSI Functions 11-61 


Cyclic Redundancy Checker 


Block Diagram 


CONTROL 
8 
LMCRC[0:7] 
HMCRC[0:7] 


2 
AD[1:0] 


! CRC | COMPAR- STATUS 


REGISTER 


REGISTER 


BLDATI[0:7] 


BHDATI[0:7] 
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CRC 


CRCCKN 
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Cyclic Redundancy Checker 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpbd=5.0V, T=25°C, Nominal Processing 
From To 
Input Output Intrinsic | Extrinsic 


AD[0:1] | LMCRC[O:7]t 
AD[0:1] | LMCRC[O:7W. 
AD{0:1] | HMCRC[0:7]7 
AD[0:1] | HMCRC[0:7]L 


CLK CRCCKNT 
CLK CRCCKNL 
CLK | LMCRC[O:7]T 
CLK | LMCRC[0:7/ 
CLK | HMCRC[O:7]T 
CLK | HMCRC[O:7// 
WORDN | LMCRC[O0:7]T 
WORDN | LMCRC[0:7/V 


TIMING REQUIREMENTS 
Vpp=5.0V, T=25°C, Nominal Processing 
Area | Perf. 
Description value | value 


Minimum AD(0:1] Setup before CLK 


Minimum BLDATI[0:7] Setup before CLK 
Minimum BHDATI[0:7] Setup before CLK 


Minimum CSN Setup before CLK 
Minimum OVRDCSN Setup before CLK 
Minimum READ Setup before CLK 
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Divide-by-4 Counter 


43 grids, 58 transistors 


Functional Description and Features 


DiV4 is a twisted-ring, divide-by-4 counter with a data-select front end. For frequency division the 


SC input should be high. 


Terminal Descriptions 


Netlist Order 


INPUTS: DI, SC, CK, CD 


OUTPUTS: Q1 
Functional Descriptions 


Inputs: 


DI 
SC 
CK 
CD 
Outputs: 


Q1 
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Test data input 

Mode select 

Clock input 
Synchronous clear input 


Divide-by-4 output 


DIV4 
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Divide-by-4 Counter DIV4 


Detailed Schematic 


. 
a ope Ly». D Q SS Q Eb 


| - i. ; 
CK UC _ 
y CKop Q Y CKep Q 


CD FD1S31X 


Characteristics 


SWITCHING CHARACTERISTICS 
Vop=5.0V, T=25°C, Nominal Processing 


To Performance 


Output Extrinsic Extrinsic 
ns n 
CKT |} QiT 1.54 5.81 1.71 
CKT | Qt 1.66 7.93 1.60 


TIMING REQUIREMENTS 
Vbp=5.0V, T=25°C, Nominal Processing 


Area | Perf. 
Description value | value 
ns ns 


Minimum CD Setup before CKT 
Minimum DI Setup before CKT 
Minimum SC Setup before CKT 
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Divide-by-6 Counter DIV6 


61 grids, 82 transistors 


Functional Description and Features 


DIV6 is a twisted-ring, divide-by-6 counter with a data-select front end. For frequency division the 
SC input should be high. 


Terminal Descriptions 


Netlist Order 
INPUTS: DI, SC, CK, CD 
OUTPUTS: Q2 


Functional Descriptions 


Inputs: 

DI Test data input 

Sc Mode select 

CK Clock input 

CD Synchronous clear input 
Outputs: 

Q2 Divide-by-6 output 
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Divide-by-6 Counter DIV6 


Detailed Schematic 


Characteristics 


SWITCHING CHARACTERISTICS 
VpD=5.0V, T=25°C, Nominal Processing 
To 


n 
1.71 


04 
1.66 1.60 


TIMING REQUIREMENTS 
Vop=5.0V, T=25°C, Nominal Processing 


Area | Perf. 
Description value | value 
ns n 


Minimum CD Setup before CKT 
Minimum DI Setup before CKT 
Minimum SC Setup before CKT 
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Divide-by-8 Counter DIV8 


79 grids, 106 transistors 


Functional Description and Features 


DIV8 is a twisted-ring, divide-by-8 counter with a data-select front end. For frequency division the 
SC input should be high. | 


Terminal Descriptions 


Netlist Order 
INPUTS: DI, SC, CK, CD 
OUTPUTS: Q3 


Functional Descriptions 


Inputs: 

DI Test data input 

Sc Mode select 

CK Clock input 

CD Synchronous clear input 
Outputs: 

Q3 Divide-by-8 output 
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Divide-by-8 Counter DIV8 


Detailed Schematic 


Characteristics 


SWITCHING CHARACTERISTICS 
VpD=5.0V, T=25°C, Nominal Processing 


To Area Performance 


1.54 
1.66 


TIMING REQUIREMENTS 
VpbD=5.0V, T=25°C, Nominal Processing 


Area | Pert. 
Description value } value 
ns ns 


A A ST a OY 


Minimum CD Setup before CKT 
Minimum DI Setup before CKT 
Minimum SC Setup before CKT 
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4-Bit Fast Adder FA4 


143 grids, 212 transistors 


Functional Description and Features 


The FA4 is functionally equivalent to the 7483 4-Bit Binary Full Adder With Fast Carry within the 
standard 74XX Series logic families of devices. This full-adder circuit provides binary addition of two 
4-bit binary numbers, with internal carry look-ahead across all four bits for fast operation. The 
corresponding outputs for each bit are: SUM1, SUM2, SUM3 and SUM4. The carry-out is C4. 


Terminal Descriptions 


Netlist Order 
INPUTS: A1, A2, A3, A4, B1, B2, B3, B4, CO 
OUTPUTS: SUM1, SUM2, SUM3, SUM4, C4 


Functional Descriptions 


Inputs: 
A[(1:4] Word ’A’ inputs 
B[1:4] Word ’B’ inputs 
Co Carry in 
Outputs: 
SUM[1:4] Sum outputs 
C4 Carry out 
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4-Bit Fast Adder 


Detailed Schematic 


FA4 


Characteristics 


SWITCHING CHARACTERISTICS 

VbpD=5.0V, T=25°C, Nominal Processing 
From To 
Input Output Intrinsic | Extrinsic tas Extrinsic 


AI1:4],B[1 :4] cat 
AI1:4],B[1:4] C4l 
A[1:4],B[1:4] | SUM[1:4]T 
A[1:4],B[1:4] | SUM/[1:4]. 
CO c4T 
Co C4l 
CO SUM[1:4]T 
Co SUM[1:4]) 
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4-Bit Look Ahead Carry Generator _ LACG4 


98 grids, 152 transistors 


Functional Description and Features 


The LACG4 is functionally equivalent to the 74182 Look-Ahead Carry Generator within the standard 
74XX Series logic families of devices. LACG4 provides carry, generate-carry function, and propagate- 
carry function with fast carry look-ahead. 


Terminal Descriptions 


Netlist Order 
INPUTS: XO, X1, X2, X3, YO, Y1, Y2, Y3, CNO 
OUTPUTS: XA, YA, CNPX, CNPY, CNPZ 


Functional Descriptions 


Inputs: 
X[0:3] Carry-propagate inputs, active-low 
Y¥(0:3] Carry-generate inputs, active-low 
CNO Carry input 

Outputs: 
XA 7 Carry-propagate output, active-low 
YA Carry-generate output, active-low 
CNP[X,Y,Z] Carry outputs 
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4-Bit Look Ahead Carry Generator 


Detailed Schematic 


LACG4 


Characteristics 
SWITCHING CHARACTERISTICS 
Vopd=5.0V, T=25°C, Nominal Processing 


pee To 
Input Output Intrinsic | Extrinsic tee Extrinsic 


CNO CNP[X,Y,Z]? 
CNO CNP[X,Y,Z]v 
X[0:3], Y[0:3] | CNP[X,Y,Z]T 
X[0:3], ¥[0:3] | CNP[X,Y,Z]¥ 


X[0:3] XAT 
X[0:3] XAL 
X[1:3], Y[0:3] YAT 
X[1:3], Y[0:3] YAL 
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16 X 16 Multiplier MUL16X16 


5443 grids, 8100 transistors 


Functional Description and Features 


The MUL16X16 is a high-speed, 16 X 16 multiplier in 2’s complement arithmetic implemented as a 
standard-cell netlist. It has been designed with static combinatorial logic without pipelining. True high- 
performance and ease of use are achieved by eliminating complicated timing requirements and latency 
associated with pipe-lined structures. The design is suitable for a wide range of computation-intensive 
applications, for example, digital signal processing. 


The partial products to be summed are generated from the M-inputs by the Booth Selector, which is 
controlled by the outputs of the Booth Encoder that operate on the N-inputs. The partial products 
are summed by carry-save adders arranged in a Wallace Tree structure. The final carry-propagate is 
performed by an optimally partitioned carry-select adder stage. 


Terminal Descriptions 


Netlist Order 


INPUTS: MO, M1, M2, M3, M4, M5, M6, M7, M8, M9, M10, M11, M12, M13, M14, M15, 
NO, N1, N2, N3, N4, N5, N6, N7, N8, N9, N10, N11, N12, N13, N14, N15 


OUTPUTS: PO, P1, P2, P3, P4, P5, P6, P7, P8, P9, P10, P11, P12, P13, P14, P15, P16, 
P17, P18, P19, P20, P21, P22, P23, P24, P25, P26, P27, P28, P29, P30, P31 


Functional Descriptions 


Inputs: 

M[0:15], N[0:15] Inputs 
Outputs: 

P[0:31] Outputs 
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16 X 16 Multiplier 


Block Diagram 


WALLACE 
TREE ARRAY 


P[0:31]} 


Characteristics 


SWITCHING CHARACTERISTICS 
Vbb=5.0V, T=25°C, Nominal Processing 
tee [cn | Re ae TE 
Intrinsic | Extrinsic | Intrinsic pat 
wes_ |v || |” | 
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MUL16X16 
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3-Bit Majority Vote 


13 grids, 18 transistors 


Functional Description and Features 


MV3 


MV3 is a 3-bit, majority-vote circuit. The output is high when a majority is present at the inputs. 


Terminal Descriptions 


Netlist Order 
INPUTS: V1, V2, V3 
OUTPUTS: MVI 


Functional Descriptions 


Inputs: 

V[1:3] Data inputs 
Outputs: 

MVI Majority indicator 
TRUTH TABLE 


Vi V2 V3 
0 


X = don’t care. 
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3-Bit Majority Vote MV3 


Detailed Schematic 


Characteristics 


SWITCHING CHARACTERISTICS 
VpD=5.0V, T=25°C, Nominal Processing 
Intrinsic | Extrinsic | Intrinsic | Extrinsic 


V[1:3] | Mvit 0.63 9.64 0.40 2.01 
V[1:3] | MVN 1.37 2.25 0.57 0.58 
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5-Bit Majority Vote MV5 


41 grids, 62 transistors 


Functional Description and Features 
MV5 is a 5-bit, majority-vote circuit. The output is high when a majority is present at the inputs. 
Terminal Descriptions 
Netlist Order 
INPUTS: V1, V2, V3, V4, V5 
OUTPUTS: MVI 


Functional Descriptions 


Inputs: 

V[1:5] Data inputs 
Outputs: 

MVI Majority indicator 
TRUTH TABLE 


Vi V2 V3 V4 V5} MVI 


0 
0 
0 
X 
X 
1 
1 
1 
X 
X 


=a X<XxK42230xKxKoO00 
—a~ sa KK 32 OOK XO 
<A A He KK OOO XK 
atk tt ot et OOOO OO 


X = don't care. 


EE 
{| 
1 
i 
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5-Bit Majority Vote MV5 


Detailed Schematic 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpbd=5.0V, T=25°C, Nominal Processing 


From | To 
Input | Output Intrinsic Intrinsic | Extrinsic 


ns 
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3-Bit, Programmable Counter/Timer PCLE3 


96 grids, 140 transistors 


Functional Description and Features 


PCLE3 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive- 
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 3-bit 
binary code to inputs D[0:2] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (001). If a new value is 
not loaded and the counter is not disabled, it will recycle and generate a positive-going pulse after 
seven counts. 


e Programmable 
¢ Positive load and count enable 
¢ Synchronous clear 


Terminal Descriptions 
Netlist Order 


INPUTS: DO, D1, D2, LD, EN, CK, CD 
OUTPUTS: Z 


Functional Descriptions 


Inputs: 
D[0:2] Parallel data inputs 
LD Load input, active-high 
EN Count enable, active-high 
CK Clock input 
CD Clear input, active-high 
Outputs: 
Z Output 
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3-Bit, Programmable Counter/Timer PCLE3 


Detailed Schematic 


LD 


EN 


cD 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpp=5.0V, T=25°C, Nominal Processing 


To Area Performance ; 


rer Extrinsic 


9.64 3.09 
2.25 3.43 


TIMING REQUIREMENTS 
Vop=5.0V, T=25°C, Nominal Processing 
Area | Pert. 
Description value | value 
ns ns 


Minimum CD Setup before CKT 
Minimum D[0:2] Setup before CKT 
Minimum EN Setup before CKT 
Minimum LD Setup before CKT 
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4-Bit, Programmable Counter/Timer PCLE4 


124 grids, 182 transistors 


Functional Description and Features 


PCLE4 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive- 
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 4-bit 
binary code to inputs D[0:3] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (0001). If a new value is 
not loaded and the counter is not disabled, it will recycle and generate a positive-going pulse after 15 
counts. 


e Programmable 
e Positive load and count enable 
e Synchronous clear 


Terminal Descriptions 

Netlist Order 
INPUTS: DO, D1, D2, D3, LD, EN, CK, CD 
OUTPUTS: Z 


Functional Descriptions 


Inputs: 
D[0:3] Parallel data inputs 
LD Load input, active-high 
EN Count enable, active-high 
CK Clock input 
CD Clear input, active-high 
Outputs: 
Z Output 
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4-Bit, Programmable Counter/Timer PCLE4 


Detailed Schematic 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpbd=5.0V, T=25°C, Nominal Processing 


To 


CKT zt 4.86 12.88 3.14 
CKT ZL 4.40 1.98 3.49 


TIMING REQUIREMENTS 
VobD=5.0V, T=25°C, Nominal Processing 
Area | Perf. 
Description value } value 
ns ns 


Minimum CD Setup before CKT 
Minimum D[0:3] Setup before CKT 
Minimum EN Setup before CKT 
Minimum LD Setup before CKT 
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5-Bit, Programmable Counter/Timer PCLE5 


156 grids, 228 transistors 


Functional Description and Features 


PCLE5 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive- 
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 5-bit 
binary code to inputs D[0:4] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (00001). If a new value 
is not loaded and the counter is not disabled, it will recycle and generate a positive-going pulse after 
31 counts. 


¢ Programmable 
¢ Positive load and count enable 
* Synchronous clear 


Terminal Descriptions 

Netlist Order 
INPUTS: DO, D1, D2, D3, D4, LD, EN, CK, CD 
OUTPUTS: Z 


Functional Descriptions 


inputs: 
D[0:4] Parallel data inputs 
LD Load input, active-high 
EN Count enable, active-high 
CK Clock input 
CD Clear input, active-high 
Outputs: 
Z Output 
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5-Bit, Programmable Counter/Timer PCLE5 


Detailed Schematic 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpp=5.0V, T=25°C, Nominal Processing 


From | To 


6.47 3.71 
2.31 3.20 


TIMING REQUIREMENTS 
Vop=5.0V, T=25°C, Nominal Processing 


Area | Perf. 
Description value | value 
ns ns 


Minimum CD Setup before CKT 
Minimum D[0:4] Setup before CKT 
Minimum EN Setup before CKT 
Minimum LD Setup before CKT 
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6-Bit, Programmable Counter/Timer PCLE6 


184 grids, 270 transistors 


Functional Description and Features 


PCLE6 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive- 
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 6-bit 
binary code to inputs D[0:5] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (000001). If a new value 
is not loaded and the counter is not disabled, it will recycle and generate a positive-going pulse after 
63 counts. 


e Programmable 
e Positive load and count enable 
e Synchronous clear 


Terminal Descriptions 

Netlist Order 
INPUTS: DO, D1, D2, D3, D4, D5, LD, EN, CK, CD 
OUTPUTS: Z 


Functional Descriptions 


Inputs: 
D[0:5] Parallel data inputs 
LD Load input, active-high 
EN Count enable, active-high 
CK Clock input 
CD Clear input, active-high 
Outputs: 
Z Output 
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6-Bit, Programmable Counter/Timer PCLE6 


Detailed Schematic 


Characteristics 


SWITCHING CHARACTERISTICS 
Vbbd=5.0V, T=25°C, Nominal Processing 
From | To 
Input | Output 


ns ns/pF ns ns/pF 


CKT zt 5.49 6.47 4.69 1.36 
CKT ZL 4.69 2.31 3.66 0.58 
TIMING REQUIREMENTS 
Vbp=5.0V, T=25°C, Nominal Processing 


Area Perf. 
Description value | value 
ns ns 


Minimum CD Setup before CKT 
Minimum D[0:5] Setup before CKT 
Minimum EN Setup before CKT 

Minimum LD Setup before CKT 
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8-Bit, Programmable Counter/Timer PCLE8 


240 grids, 354 transistors 


Functional Description and Features 


PCLE8 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive- 
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying an 8-bit 
binary code to inputs D[0:7] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (00000001). If a new 
value is not loaded and the counter is not disabled, it will recycle and generate a positive-going pulse 
after 217 counts. 

e Programmable 

e Positive load and count enable 


¢ Synchronous clear 
Terminal Descriptions 
Netlist Order 


INPUTS: DO, D1, D2, D3, D4, D5, D6, D7, LD, EN, CK, CD 
OUTPUTS: Z 


Functional Descriptions 


Inputs: 
D[0:7] Parallel data inputs 
LD Load input, active-high 
EN Count enable, active-high 
CK Clock input 
CD Clear input, active-high 
Outputs: 
Z Output 


11-88 MSI/LSI Functions 


8-Bit, Programmable Counter/Timer PCLE8 


Detailed Schematic 


|| 
tp D Q {LL D 0 
a i 


Q3 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpbd=5.0V, T=25°C, Nominal Processing 


From | To 
Output 


Input 


Intrinsic | Extrinsic | Intrinsic | Extrinsic 
ns ns 


6.47 4.86 
2.31 3.71 


TIMING REQUIREMENTS 
Vpbd=5.0V, T=25°C, Nominal Processing 


Area | Perf. 
Description value | value 
ns 


Minimum CD Setup before CKT 
Minimum D[0:7] Setup before CKT 
Minimum EN Setup before CKT 

Minimum LD Setup before CKT 
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3-Bit, Programmable Counter/Timer PCLER3 


99 grids, 144 transistors 


Functional Description and Features 


PCLER3 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive- 
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 3-bit 
binary code to inputs D[0:2] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (001). If a new value is 
not loaded and the counter is not disabled, it will reload the value at its D[0:2] inputs. The maximum 
count is seven. 


e Programmable 

¢ Positive load and count enable 
¢ Synchronous clear 

¢ Recycle from last loaded value 


Terminal Descriptions 

Netlist Order 
INPUTS: DO, D1, D2, LD, EN, CK, CD 
OUTPUTS: Z 


Functional Descriptions 


Inputs: 
D[0:2] Parallel data inputs 
LD Load input, active-high 
EN Count enable, active-high 
CK Clock input 
CD Clear input, active-high 
Outputs: 
Z Output 
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3-Bit, Programmable Counter/Timer PCLER3 


Detailed Schematic 


[=] 5 a N 
a a (a) 


LD 


EN 


CK 


cD 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpbd=5.0V, T=25°C, Nominal Processing 


TIMING REQUIREMENTS 
VodD=5.0V, T=25°C, Nominal Processing 
Area Perf. 
Description value | value 
ns ns 


Minimum CD Setup before CKT 
Minimum D[0:2] Setup before CKT 
Minimum EN Setup before CKT 
Minimum LD Setup before CKT 
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4-Bit, Programmable Counter/Timer PCLER4 


127 grids, 186 transistors 


Functional Description and Features 


PCLER4 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive- 
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 4-bit 
binary code to inputs D[0:3] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (0001). If a new value is 
not loaded and the counter is not disabled, it will reload the value at its D[0:3] inputs. The maximum 
count is fifteen. 


e Programmable 

¢ Positive load and count enable 
« Synchronous clear 

e Recycle from last loaded value 


Terminal Descriptions 

Netlist Order 
INPUTS: DO, D1, D2, D3, LD, EN, CK, CD 
OUTPUTS: Z 


Functional Descriptions 


Inputs: 
D[0:3] Parallel data inputs 
LD Load input, active-high 
EN Count enable, active-high 
CK Clock input 
CD Clear input, active-high 
Outputs: 
Zz Output 
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4-Bit, Programmable Counter/Timer PCLER4 


Detailed Schematic 


Characteristics 


SWITCHING CHARACTERISTICS 
VpD=5.0V, T=25°C, Nominal Processing 


To Area Performance 


Output Extrinsic 
P ns ns 
CKT | zt 6.06 12.88 3.54 
CKT ZL 5.09 1.98 3.94 


TIMING REQUIREMENTS 
Vop=5.0V, T=25°C, Nominal Processing 


Area Perf. 
Description value | value 
ns ns 


I Ra AT I IAD 


Minimum CD Setup before CKT 
Minimum Dj[0:3] Setup before CKT 
Minimum EN Setup before CKT 
Minimum LD Setup before CKT 
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5-Bit, Programmable Counter/Timer PCLER5 


159 grids, 232 transistors 


Functional Description and Features 


PCLERS5 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive- 
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 5-bit 
binary code to inputs D[0:4] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (.00001). If a new value 
is not loaded and the counter is not disabled, it will reload the value at its D[0:4] inputs. The maximum 
count is 31. 

e Programmable 

e Positive load and count enable 

e Synchronous clear 


e Recycle from last loaded value 
Terminal Descriptions 
Netlist Order 
INPUTS: DO, D1, D2, D3, D4, LD, EN, CK, CD 
OUTPUTS: Z | 


Functional Descriptions 


Inputs: 
D[0:4] Parallel data inputs 
LD Load input, active-high 
EN Count enable, active-high 
CK ~ Clock input 
CD Clear input, active-high 
Outputs: 
Zz Output 
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5-Bit, Programmable Counter/Timer PCLER5 


Detailed Schematic 


Characteristics 


SWITCHING CHARACTERISTICS 
Vpp=5.0V, T=25°C, Nominal Processing 


To Area Performance 


Intrinsic | Extrinsic | Intrinsic | Extrinsic 


TIMING REQUIREMENTS 
Vop=5.0V, T=25°C, Nominal Processing 


Area Perf. 
Description value | value 
ns ns 
Minimum CD Setup before CKT 
Minimum D[0:4] Setup before CKT 
Minimum EN Setup before CKT 


Minimum LD Setup before CKT 
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6-Bit, Programmable Counter/Timer PCLER6 


187 grids, 274 transistors 


Functional Description and Features 


PCLER6 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive- 
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying a 6-bit 
binary code to inputs D[0:5] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (000001). If a new value 
is not loaded and the counter is not disabled, it will reload the value at its D[0:5] inputs. The maximum 
count is 63. 

¢ Programmable 

¢ Positive load and count enable 

¢ Synchronous clear 


° Recycle from last loaded value 
Terminal Descriptions 
Netlist Order 


INPUTS: DO, Di, D2, D3, D4, D5, LD, EN, CK, CD 
OUTPUTS: Z 


Functional Descriptions 


Inputs: 
D[0:5] Parallel! data inputs 
LD Load input, active-high 
EN Count enable, active-high 
CK Clock input 
CD Clear input, active-high 
Outputs: 
Z Output 
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6-Bit, Programmable Counter/Timer PCLER6 


Detailed Schematic 


SWITCHING CHARACTERISTICS 
Vod=5.0V, T=25°C, Nominal Processing 


6.47 
2.31 


TIMING REQUIREMENTS 
VpbD=5.0V, T=25°C, Nominal Processing 


Area Perf. 
Description value | value 
ns ns 


Minimum CD Setup before CKT 
Minimum D[0:5] Setup before CKT 
Minimum EN Setup before CKT 
Minimum LD Setup before CKT 
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8-Bit, Programmable Counter/Timer | PCLER8 


243 grids, 358 transistors 


Functional Description and Features 


PCLER8 is a programmable counter/timer with positive load, enable, and synchronous clear. The 
counter has linear feedback and counts in a pseudo-random sequence. The timer generates a positive- 
going pulse when the last state is reached. The enable input should be kept high for counting or 
loading a starting value. The counter can be set to any non-zero starting value by applying an 8-bit 
binary code to inputs D[0:7] and keeping the load input high. The value is loaded after the next clock 
cycle. The counter will count from the loaded value until it reaches a value of (00000001). If a new 
value is not loaded and the counter is not disabled, it will reload the value at its D[0:7] inputs. The 
maximum count is 217. 


e Programmable 

¢ Positive load and count enable 
¢ Synchronous clear 

¢ Recycle from last loaded value 


Terminal Descriptions 

Netlist Order 
INPUTS: DO, D1, D2, D3, D4, D5, D6, D7, LD, EN, CK, CD 
OUTPUTS: Z 


Functional Descriptions 


Inputs: 
D[0:7] Parallel data inputs 
LD Load input, active-high 
EN Count enable, active-high 
CK Clock input 
CD Clear input, active-high 
Outputs: 
Z Output 
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8-Bit, Programmable Counter/Timer PCLER8 


Detailed Schematic 


Characteristics 
SWITCHING CHARACTERISTICS 
VoD=5.0V, T=25°C, Nominal Processing 
Extrinsic | Intrinsic | Extrinsic 


CKT zt 6.80 6.47 5.14 1.36 
CKT ZL 5.26 2.31 3.89 0.58 
TIMING REQUIREMENTS 
VpbD=5.0V, T=25°C, Nominal Processing 


Area Perf. 
Description value | value 


ns ns 


Minimum CD Setup before CKT 
Minimum D[0:7] Setup before CKT 
Minimum EN Setup before CKT 

Minimum LD Setup before CKT 
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Boundary Scan Cells 


Section 12 


INTRODUCTION 


BSATT 
BSBD 
BSBP 
BSBRIC 
BSCKMUX 


BSDC 
BSIN1 
BSIN2 
BSIN3 


BSIR 
BSIRN 
BSOE 
BSOUT 


BSTAP 
BSTDO 
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Boundary-Scan Introduction 


Because of the increasing complexity of Integrated circuits, surface-mount interconnection 
technology has created significant new problems in the development and application of tests for 
printed circuit boards. To cope with this problem, a proposal has been prepared by an ad hoc 
international standards body, the Joint Test Action Group (JTAG), to standardize board 
interconnect tests by using Boundary-Scan (B-S). The IEEE Standard P1149.1, as proposed, will 
accomplish two major goals: 1) to simplify testing of high-density circuit boards through B-S, and 2) 
to provide a common access to the various chip-level BIST resources for test and diagnosis at all 
levels of assembly. 


JTAG is an international group representing companies in Europe and North America seeking 
solutions for the test problems in hybrid and PCB products created by the combination of complex 
integrated circuits and surface-mount technology. 


A schematic overview of BIST & Boundary-Scan on a board is shown on the next page. 


The B-S cells for the pins of a chip are interconnected to perform a shift register chain around the 
border of the device. This path is provided with serial input and output connections and appropriate 
Clock and control signals. The serial path can be used for three purposes: 
° External B-S Test allows the interconnections between the various chips to be 
tested. Test data can be shifted into the BSOUT cell associated with chip outputs pins 
and then loaded in parallel through the chip interconnections into those BSIN[1-3] cells 
associated with input pins; 
. Internal B-S Test allows chips on a board to be tested. The B-S register can be used as 
a means of isolating system logic from stimuli received from surrounding chips while an 
internal self-test is performed; 
. Sample Test occurs by parallel loading the BSIN[1-3] cells at inputs and the BSOUT cell 
at outputs of a chip and shifting out the results. The B-S register provides a means of 
‘sampling’ the data flowing through a chip without interfering with its normal function. 
This sample B-S test is valuable for design debugging and fault diagnosis. 


BOUNDARY-SCAN TEST-MODE DEFINITION 


TEST MODE LOGIC VALUE (MODE) 
SAMPLE, NORMAL 0 
INTERNAL, EXTERNAL 1 


The performance, or maximum clock frequency of B-S circuitry is usually dictated by that of the TAP 
controller (BSTAP). 


Timing characteristics provided in this section were obtained with AT&T's static timing analyzer, 
CRITIC. They are estimated with an average routing capacitance of 0.1 pF per fanout. The more 
accurate circuit simulator, GSIM, should be used to verify the proper timing for your final 
design. 
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Boundary-Scan Introduction 
BIST & BOUNDARY-SCAN OVERVIEW 


A Circuit Board with BIST & B-S 
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Boundary-Scan Introduction 
BLOCK DIAGRAM 


Boundary-scan 
register 


Device ID 
register 
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B-S Identification Register BSATT 


228 grids, 360 transistors 
FUNCTIONAL DESCRIPTION AND FEATURES 


BSATT is the 12 least significant bits of the manufacturer’s ID register for AT&T. It is compatible to 
JTAG standard. 


¢ When the CAPTURE pin is high, this register is loaded with/initialized to 
"0000 0011 1011" (or hex 03B) which is the official JTAG code assigned to 
AT&T. The code can be shifted out towards TDO when the SHIFTN pin is low. 


BLOCK DIAGRAM 


AT&T 
ID CODE 


0000 0011 101 


TERMINAL DESCRIPTIONS 
Netlist Order 
INPUTS: TDI, TCK,CAPTURE,SHIFTN 
OUTPUT: TDO 
Functional Descriptions 
Inputs: 
TDI Serial test data input 
TCK Boundary Scan test clock 
CAPTURE Capture/load scan-register; Derived from BSTAP controller 
SHIFTN Derived from SHIFTDR signal generated by BSTAP controller; active 
low 
Output: 
TDO Serial test data output 
CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 
Intrinsic | Extrinsic Extrinsic 


TCKT | TDOL 0.17 2.05 0.40 0.58 
TCKT | TDOT 0.23 3.24 0.40 0.70 
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B-S Identification Register BSATT 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


ae Area Perf. ; 


Minimum TDI Setup before TCKT 1.7 
Minimum SHIFTN Setup before TCKT 17 
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B-S, Bidirectional Cell _ BSBD 


64 grids, 94 transistors 
FUNCTIONAL DESCRIPTION AND FEATURES 


BSBD is a JTAG compatible, boundary scan, bidirectional cell. 


Used along with bidirectional I/O buffer 

Direction control line (HOLI) is controlled by BSDC 
Acts as a BSIN when HOLI = 0 

Acts as a BSOUT when HOLI = 1 


BLOCK DIAGRAM 
TOCKT 
TOPAD 
MODE MODE 
FRCKT FRPAD 
BSFFN - Bonn 
TDO 
TDI 
CAPTURE 
SHIFTN 
. D Q 
TOK O>CK ON BSFFN 
FD1P2AX 
TERMINAL DESCRIPTIONS 
Netlist Order 


INPUTS: FRCKT, TDI, TCK,HOLI,MODE,CAPTURE,SHIFTN,UPDATE,FRPAD 
OUTPUTS: TOCKT,TOPAD,TDO 
Functional Descriptions 


Inputs: 
FRCKT Input from chip internal circuitry (to output pad) 
TDI Serial test data input (from previous boundary scan cell) 
TCK Boundary scan test clock 
HOLI Direction control signal from BSDC cell (High:Output, Low:Input) 
MODE NOrmal/test-mode, control asserted in Internal or External Mode 
CAPTURE Capture/load scan-register; Derived from BSTAP controller 
SHIFTN Shift scan-register (active-low); Derived from BSTAP controller 
UPDATE Update parallel output register; Derived from BSTAP controller 
FRPAD Input from chip-input pad (to internal circuit) 
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B-S Bidirectional Cell BSBD 


Outputs: 
TOCKT Output to chip internal circuit (from input pad, or update latch) 
TOPAD Output to chip output pad (from internal circuit, or update latch) 
TDO Serial test data output (to next boundary scan cell) 
CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 
From To 
Input Ciitpai Extrinsic Extrinsic 


TOCKTL 
TOCKTT 
TOPADJ 
TOPADT 


TDOL 

TDOT 
TOPADL 
TOPADT 


TOCKTJL 
TOCKTT 
TOPADJ 
TOPADT 


TOCKTL 
TOCKTT 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


Bae Area Perf. ; 


Minimum FRCKT Setup before TCKT 
Minimum TDI Setup before TCKT 


Minimum HOLI Setup before TCKT 
Minimum MODE Setup before TCK T 
Minimum CAPTURE Setup before TCKT 
Minimum SHIFTN Setup before TCKT 
Minimum UPDATE Setup before TCKL 
Minimum FRPAD Setup before TCKT 
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B-S, Bypass Cell BSBP 


23 grids, 34 transistors 


FUNCTIONAL DESCRIPTION AND FEATURES 


BSBP is a JTAG compatible, boundary scan, bypass cell. 


¢ Provides a short-circuit route for test data in scanning cycle especially during 
board diagnosis 


BLOCK DIAGRAM 


CAPTURE FDINSMX 


TERMINAL DESCRIPTIONS 
Netlist Order 

INPUTS: TDI,TCK,CAPTURE,SHIFTN 

OUTPUT: TDO 
Functional Descriptions 
Inputs: 

TDI Serial test data input (from TDI input pad) 

TCK Boundary scan test clock 

CAPTURE Capture/ load (logic 0) into bypass register; Derived from BSTAP 

controller 

SHIFTN Shift DR signal (active-low); Derived from BSTAP controller — 
Output: 

TDO Serial test data output (to the DR MUX) 
CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 


From | To 
Input } Output 
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B-S, Bypass Cell BSBP 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


ore Area Perf. : 


Sa A ES TS ES 


Minimum TDI Setup before TCKT 
Minimum CAPTURE Setup before TCKT 
Minimum SHIFTN Setup before TCKT 
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BIST Resource Interface Controller BSBRIC 


86 grids, 132 transistors 


FUNCTIONAL DESCRIPTION AND FEATURES 
BSBRIC is a JTAG compatible circuit. 


e Uses the JTAG boundary scan protocol to actuate the built-in self-test 
features of the AT&T BIST Macrocell and then to shift out the results over the 
boundary scan output pin 

¢« BSBRIC forms a 2-bit user test data register which is connected in parallel with 
the B-S register and bypass register. 


BLOCK DIAGRAM 


BIST 


MACROCELL 


BIST 
RESOURCE 
INTERFACE 

CONTROLLER 

(BSBRIC) 
mA 


STATE DIAGRAM 


BCD=RB BFC=BC*BF' 
BIST=RB BIST=1 
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BIST Resource Interface Controller BSBRIC 


TERMINAL DESCRIPTIONS 
Netlist Order 


INPUTS: TDI, TCK,SHIFTN,RB,BC,BF, TRESET 
OUTPUTS: BCD,BFC,BIST,TDO 


Functional Descriptions 


Inputs: 
TDI Serial test data input 
TCK Boundary scan test clock also used for BIST MACROCELL 
SHIFTN Shift out results (active-low); Derived from BSTAP controller 
RB Start BIST command input 
BC BIST complete from BIST MACROCELL 
BF BIST flag from BIST MACROCELL indicating PASS/FAIL 
TRESET Asynchronous reset command from BSTAP 
Outputs: 
BCD BIST clear (Not used for 0.9. Macrocells) 
BFC BIST flag check to BIST MACROCELL, high checks for BF stuck at 0 
BIST BIST test mode to BIST MACROCELL 
TDO Serial test data output (to next boundary scan cell) 
CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 


From To Area Performance 


Extrinsic | Intrinsic | Extrinsic 
Input | Output Pe a Aci 
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BIST Resource Interface Controller BSBRIC 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


6 Area Perf. : 


Minimum TDI Setup before TCKT 
Minimum SHIFTN Setup before TCKT 
Minimum RB Setup before TCKT 


Minimum BC Setup before TCKT 
Minimum BF Setup before TCKT 
Minimum TRESET Setup before TCKT 
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System/Test Clock Multiplexer BSCKMUX 


118 grids,168 transistors 
FUNCTIONAL DESCRIPTION AND FEATURES 


BSCKMUxX is a system/test clock multiplexer for chip designs with boundary scan. It features: 


¢ Two synchronizing D-type FFs are used for each input clock gating signal (SGT 
or TGT) to help ensure metastable-free multiplexing. 

¢ ARun BIST (RBIST) signal which assures synchronous activation of built-in self- 
test (e.g. BILBO; circular BIST) by the BSTAP. Note that when BIST runs on 
TCK (SCK), RBIST is simply driven by the RUNTST (SGT) signal, assuring its 
synchronization with respect to BSCKMUX output clock (CK). 

* Input clock waveform duty-cycle is maintained by using multiplexing NAND gates 
which provide equivalent delay paths for both the rising and falling edges. 


BLOCK DIAGRAM 


PUR 


TRESET, 

BPSEL, 
RUNTST, a 
SCKEN, Circuit 


Synchronization 


TCK 
SCK 


1 Indicates a signal is synchronous with respect to TCK. 


2 Indicates a signal is synchronous with respect to SCK. 


Boundary Scan 12-13 


System/Test Clock Multiplexer _ BSCKMUX 


System/Test Clock Switching Conditions 


1. TAP is in Test-Logic-Reset state (TRESET = 1), or 

2. Bypass path is selected by an instruction in IR (BPSEL = 1), or 

3. TAP is in Run-Test/Idle state AND system clock is enabled by an instruction in IR 
( RUNTST = SCKEN = 1) 


[NOTE: RBIST, synchronous with respect to SCK, is asserted if RUNTST = 1] 


1. TRESET = BPSEL = RUNTST = 0, or 
2. TRESET = BPSEL = SCKEN = 0 
[NOTE: RBIST, synchronous with respect to TCK, is asserted if RUNTST = 1] 


TERMINAL DESCRIPTIONS 
Netlist Order 


INPUTS: SCK,TCK, TRESET,RUNTST,SCKEN,BPSEL,PUR 
OUTPUTS: CK,RBIST 


FUNCTIONAL DESCRIPTIONS 


Inputs: 


Outputs: 


12-14 


SCK System clock to be multiplexed 

TCK Test clock to be multiplexed 

TRESET Test-logic reset signal Derived from BSTAP 

RUNTST Run-test signal Derived from BSTAP 

SCKEN Enable system clock (during BIST); decoded from B-S IR 

BPSEL Bypass path select signal; decoded from BSIR 

[NOTE: SCK is always selected in bypass mode according to JTAG spec. ] 

PUR Power-Up Reset (e.g. from PUR40U); preset TRESET high 

CK Hazard-free clock signal (driven by SCK or TCK) 

RBIST Synchronized control signal for activating BIST; issued on falling 
edge of CK 


Boundary Scan 


System/Test Clock Multiplexer BSCKMUX 


CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 
From 
Intrinsic | Extrinsic Extrinsic 


TCK,SCKI CKL 
TCK,SCKL CKT 
SCK!L | RBISTJL 
SCK!L | RBISTT 


TCKT | RBISTL 
TCKT | RBISTT 
RUNTST | RBISTJL 
RUNTST | RBISTT 


SCKEN | RBISTJ 
SCKEN | RBISTT 
PURJ CKL 
PURI CKT 


Since BSCKMUxX operates asynchronously, specification of setup times is meaningless here. 
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B-S Bidirectional Control Cell BSDC 


64 grids, 90 transistors 


FUNCTIONAL DESCRIPTION AND FEATURES 


BSDC is a JTAG compatible, boundary scan, bidirectional control cell. 


e Shift register with capture for controlling the 3-state buffer in a bidirectional pin 
¢ Bidirectional pin configured as input, (OE=0), during internal mode 


BLOCK DIAGRAM 


INTEST 
MODE 


TDI 
CAPTURE 
SHIFTN 


TCK 


UPDATE 


TRESET 


D 
FL1P3AX SP 


G> CK ON BSFFN 
FD1P2MX 


TERMINAL DESCRIPTIONS 


Netlist Order 


INPUTS: CAPTURE, |INTEST,MODE,OEI,SHIFTN, TCK,TDI,TRESET,UPDATE 
OUTPUTS: HOLI,OE,OEN,TDO 


Functional Descriptions 


Inputs: 


CAPTURE 
INTEST 
MODE 
OEI 
SHIFTN 
TCK 

TDI 
TRESET 
UPDATE 
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Capture/load scan register; Derived from BSTAP controller 
Internal test signal; Asserted during INTEST instruction 
Input/output mode, control asserted in Internal or External mode 
Output enable input signal, deployed in normal/system mode 
Shift scan-register, active low; Derived from BSTAP controller 
Boundary scan test clock 

Serial test data input, (from previous boundary scan cell) 

Test logic reset signal; Derived from BSTAP controller 

Update parallel output register; Derived from BSTAP controller 


Boundary Scan 


B-S Bidirectional Control Cell BSDC 


Outputs: 
HOLI Direction control signal to BSBD cell; (High = output, Low = input) 
OE Output Enable signal to 3-state buffer 
OEN Negated output signal to 3-state buffer 
TDO Serial test data output (to next boundary scan cell) 
CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 


To 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


bes Area Perf. : 


Minimum TRESET Setup before TCKT 
Minimum TDI Setup pefore TCKT 
Minimum OEI Setup before TCK T 
Minimum CAPTURE Setup before TCKT 
Minimum SHIFTN Setup before TCKT 
Minimum UPDATE Setup before TCKL 
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B-S Input 1 | BSIN1 


51 grids, 72 transistors 


FUNCTIONAL DESCRIPTION AND FEATURES 


BSIN1 is a JTAG compatible, boundary scan input cell. 
¢ $tandard boundary scan input cell with input-pin signal controllable by the 
update register 
¢ Chip logic shielded from disturbances during boundary scan external test, (by 
setting MODE=1) 
¢ Totally synchronous operation 


BLOCK DIAGRAM 


UPDATE 


FL1P3AX FD1P2AX 


TERMINAL DESCRIPTIONS 

Netlist Order 
INPUTS: DI,TDI,TCK,MODE,CAPTURE,SHIFTN,UPDATE 
OUTPUTS: DO,TDO 

Functional Descriptions 


Inputs: 
DI Normal input from chip input pad 
TDI Serial test data input (from previous boundary scan cell) 
TCK Boundary scan test clock 
MODE Input-mode control (asserted in Internal or External Mode) 
CAPTURE Capture/ load scan-register; Derived from BSTAP controller 
SHIFTN Shift scan-register (active-low); Derived from BSTAP controller 
UPDATE Update parallel output register; Derived from BSTAP controller 
Outputs: 
DO Output from boundary scan input cell; drives normal input or scanned 
input to chip internal circuitry when MODE = 0 
TDO Serial test data output (to next boundary scan cell) 
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B-S Input 1 BSIN1 
CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 


To Area Performance 


Intrinsic | Extrinsic 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


a Area Perf. ; 


a PS RS PF AEDT AE TS IP NIE 


Minimum DI Setup before TCKT 


Minimum TD! Setup before TCKT 
Minimum UPDATE Setup before TCK] 


Minimum CAPTURE Setup before TCKT 
Minimum SHIFTN Setup before TCKT 
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B-S Input 2 


32 grids, 46 transistors 
FUNCTIONAL DESCRIPTION AND FEATURES 
BSIN2 is a JTAG compatible, boundary scan input cell. 


¢ Boundary scan input cell without "update" register 
« Totally synchronous operation 


BLOCK DIAGRAM 


FL1P3AX 


BSIN2 


TERMINAL DESCRIPTIONS 

Netlist Order 
INPUTS: DI, TDI, TCK,MODE,CAPTURE,SHIFTN 
OUTPUTS: DO,TDO 

Functional Descriptions 


Inputs: 
DI Normal input from chip-input pad 
TDI Serial test data input (from previous boundary scan cell) 
TCK Boundary scan test clock 
MODE Input-mode control (asserted in Internal or External Mode) 
CAPTURE Capture/load scan-register; Derived from BSTAP controller 
SHIFTN Shift scan-register (active-low); Derived from BSTAP controller 
Outputs: 
DO Output from boundary scan input cell; drives normal input or scanned 
input to chip internal circuitry when MODE = 0 
TDO Serial test data output (to next boundary scan cell) 
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B-S Input 2 BSIN2 
CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 


To 


From 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


cats Area Perf. 3 


Minimum DI Setup before TCKT 


Minimum TDI Setup before TCKT 
Minimum MODE Setup before TCKT 


Minimum CAPTURE Setup before TCKT 
Minimum SHIFTN Setup before TCKT 
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B-S Input 3 BSIN3 


26 grids, 36 transistors 
FUNCTIONAL DESCRIPTION AND FEATURES 


BSINS3 is a JTAG compatible, boundary scan input cell, used only for clock or critical input pins. 
¢ Boundary scan input cell without "update" output latch; JTAG "External" and 
"Sample" mode are supported 
e Totally synchronous operation 


BLOCK DIAGRAM 


FL1P3AX 


TERMINAL DESCRIPTIONS 


Netlist Order 
INPUTS: DI,TDI,TCK,CAPTURE,SHIFTN 


OUTPUT: TDO 
Functional Descriptions 
Inputs: 
DI Normal input from chip-input pad 
TDI Serial test data input (from previous boundary scan cell) 
TCK Boundary scan test clock 
CAPTURE Capture/load-scan register; Derived from BSTAP controller 
SHIFTN Shift scan-register (active-low); Derived from BSTAP controller 
Output: 
TDO Serial test data output (to next boundary scan cell) 
CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 
From | To 
Intrinsic | Extrinsic | Intrinsic | Extrinsic 


TCKT | TDOL 7.93 1.54 1.73 
TCKT | TDOT 5.81 1.66 1.44 
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B-S Input 3 BSIN3 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


bee Area Perf. : 


Minimum DI Setup before TCKT 
Minimum TDI Setup before TCKT 


Minimum CAPTURE Setup before TCKT 
Minimum SHIFTN Setup before TCKT 
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B-S Instruction Register 1 | BSIR 


48 grids, 68 transistors 


FUNCTIONAL DESCRIPTION AND FEATURES 
BSIR is a JTAG compatible, boundary scan instruction register. 
¢ Qutput flip-flop preset by TRESET signal 


¢ Fault isolation of the board-level, serial test data path is supported. A constant 
01’ pattern must be loaded into the two least significant bits of the instruction 
register at the start of the instruction scan cycle. 

e Includes shift register and parallel output register 

e — Instruction register with status input during capture 


BLOCK DIAGRAM 


UPDATE 
TRESET | 


OVCK Q 
FD1S2BX 


TERMINAL DESCRIPTIONS 
Netlist Order 


INPUTS: STATUS, TDI, TCK, TRESET,CAPTURE,SHIFTN,UPDATE 
OUTPUTS: IROUT,TDO 


Functional Descriptions 


Inputs: 
STATUS Status data to be loaded with IR capture 
TDI Serial test data input (from previous boundary scan IR cell) 
TCK Boundary scan test clock 
TRESET Test-logic-preset signal from BSTAP controller 
CAPTURE Capture/load scan-register; Derived from BSTAP controller 
SHIFTN Shift scan-register (active-low); Derived from BSTAP controller 
UPDATE Update parallel output register; Derived from BSTAP controller 
Outputs: 
IROUT Output from instruction register 
TDO Serial test data output (to next boundary scan IR cell) 
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B-S Instruction Reaister 1 BSIR 


CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 


From To Area Performance 


Input | Output ae Extrinsic | Intrinsic | Extrinsic 


IROUTL 
IROUTT 
TDOL 
TDOT 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


Minimum STATUS Setup before TCKT 
Minimum TDI Setup before TCKT 
Minimum TRESET Setup before TCK | 


Minimum CAPTURE Setup before TCKT 
Minimum SHIFTN Setup before TCKT 
Minimum UPDATE Setup before TCKL 


Boundary Scan 12-25 


B-S Instruction Register 1 | BSIRN 


49 grids, 70 transistors 


FUNCTIONAL DESCRIPTION AND FEATURES 
BSIRN is a JTAG compatible, boundary scan instruction register. 
¢ Output flip-flop cleared by TRESET signal 


e Fault isolation of the board-level serial test data path is supported. A constant 
’01’ pattern must be loaded into the 2 least significant bits of the instruction 
register at the start of the instruction scan cycle. 

e Includes shift register and parallel output register 

¢ — Instruction register with status input during capture 


BLOCK DIAGRAM 


UPDATE 


TRESET 


TERMINAL DESCRIPTIONS 
Netlist Order 


INPUTS: STATUS, TDI, TCK, TRESET,CAPTURE,SHIFTN, UPDATE 
OUTPUTS: IROUT,TDO 


Functional Descriptions 


Inputs: 
STATUS Status data to be loaded with IR capture 
TDI Serial test data input (from previous boundary scan IR cell) 
TCK Boundary scan test clock 
TRESET Test-logic-reset signal from BSTAP controller 
CAPTURE Capture/load scan-register; Derived from BSTAP controller 
SHIFTN Shift scan-register (active low); Derived from BSTAP controller 
UPDATE Update parallel output register; Derived from BSTAP controller 
Outputs: 
[ROUT Output from instruction register 
TDO Serial test data output (to next boundary scan IR cell) 
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B-S Instruction Register 1 BSIRN 


CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 


From To 


IROUTIL 
IROUTT 
TDOL 
TDOT 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


wr Area Perf. ; 


Minimum TDI Setup before TCKT 

Minimum TRESET Setup before TCKL 
Minimum SHIFTN Setup before TCKT 
Minimum UPDATE Setup before TCKL 
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B-S Output Enable Control | BSOE 


59 grids, 84 transistors 
FUNCTIONAL DESCRIPTION AND FEATURES 


BSOE is a JTAG compatible, boundary scan, output-enable control cell 
e Shift register with capture for controlling the 3-state output pin 


BLOCK DIAGRAM 


UPDATE 
TRESET 


TERMINAL DESCRIPTIONS 
Netlist Order 


INPUTS: OEI,TDI,TCK, TRESET,MODE,CAPTURE,SHIFTN,UPDATE 
OUTPUTS: OE,OEN,TDO 


Functional Descriptions 


Inputs: 
OEI Output-enable input signal (deployed in normal/system mode) 
TDI Serial test data input (from previous boundary scan cell) 
TCK Boundary scan test clock 
TRESET Test-logic-reset signal; Derived from BSTAP controller 
MODE Output-mode control (asserted in Internal or External Mode) 
CAPTURE Capture/load scan-register; Derived from BSTAP controller 
SHIFTN Shift scan-register (active low); Derived from BSTAP controller 
UPDATE Update parallel output register; Derived from BSTAP controller 
Outputs 
OE Output-enable signal to 3-state buffer 
OEN Negated output enable to 3-state buffer 
TDO Serial test data output (to next boundary scan cell) 
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B-S Output Enable Control BSOE 


CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 


From | To Area 


Extrinsic 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


ae Area Perf. : 


Minimum OEI Setup before TCKT 
Minimum TDI Setup before TCKT 
Minimum TRESET Setup before TCKL 


Minimum CAPTURE Setup before TCKT 
Minimum SHIFTN Setup before TCKT 
Minimum UPDATE Setup before TCKL 
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B-S Output BSOUT 


51 grids, 72 transistors 


FUNCTIONAL DESCRIPTION AND FEATURES 


BSOUT is a JTAG compatible, boundary scan output cell. 
° Standard boundary scan output cell with output pin controllable by update register 
° Shield outside circuitry from disturbances during boundary scan Internal Test (by 
setting MODE=1). 


BLOCK DIAGRAM 


D1 
Do UPDATE 


TDI 
CAPTURE S— 


FL1P3AX FDIP2AX 


TERMINAL DESCRIPTIONS 
Netlist Order 


INPUTS: DI, TDI, TCK,MODE,CAPTURE,SHIFTN,UPDATE 
OUTPUTS: DO,TDO 


Functional Descriptions 


Inputs: 
DI Input from chip internal circuitry 
TDI Serial test data input (from previous boundary scan cell) 
TCK Boundary scan test clock 
MODE Output-mode control (asserted in Internal or External Mode ) 
CAPTURE Capture/load scan-register; Derived from BSTAP controller 
SHIFTN Shift scan-register (active low); Derived from BSTAP controller 
UPDATE Update parallel output register; Derived from BSTAP controller 
Outputs: 
DO Output to normal chip-output pad 
TDO Serial test data output (to next boundary scan cell) 
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B-S Output 
CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 


To Area 


Intrinsic | Extrinsic 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


rae Area Perf. : 


A A PEP Pe PT YS TS ES TS a TS 


Minimum DI Setup before TCKT 
Minimum TD! Setup before TCKT 
Minimum MODE Setup before TCKT 


Minimum CAPTURE Setup before TCKT 
Minimum SHIFTN Setup before TCKT 
Minimum UPDATE Setup before TCKL 


Boundary Scan 


BSOUT 
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Test Access Port Controller BSTAP 


227 grids, 342 transistors 
FUNCTIONAL DESCRIPTION AND FEATURES 


BSTAP is a P1149.1 compatible, test access port (BSTAP) controller. State assignments used are 
from JTAG specifications. All control signals are issued on the rising edge of TCK, except ENABLE, 
which changes on the falling edge. This is to conform to the JTAG requirement that TDO should be 
updated on the falling edge of TCK. SELECT signal is asserted in RESET and RUNTEST states to 
reduce logic. The following features of BSTAP contribute to the viability of P1149.1 as an 
international standard. 


°¢ A fixed set of pins: Test Data Input (TDI), Test Data Output (TDO), Test Mode 
Select (TMS), Test Clock (TCK), and an optional asynchronous reset pin for 
initializing test logic upon power up. 

¢ Awell-defined protocol ensuring inter-operability among all B-S equipped 
devices from different vendors. 

¢ Asetof internal control signals which separate a single serial bit stream (applied 
on TDI) into test data and test instructions. This provides great design flexibility 

~ to the chip designer. 
¢ Aunified scan mechanism for controlling and accessing on-chip BIST structures. 


MAIN STATE DIAGRAM 


Test logic 
reset 


1 
Select DR Select IR 
scan scan 


0 


Scan Scan 
data instruction 
register register 


* The logic value adjacent to a state-transition arc corresponds to the value of TMS. 
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Test Access Port Controller BSTAP 


SCAN STATE DIAGRAM 


From "Select DR Scan?” 
or "Select IR Scan?” 


To "Select DR Scan?" To “Run test/dle” 


Function Table 


STATE State Assignment Control Signals Asserted 
(HEX) 

RESET (F) TRESET, SELECT 

RUNTEST (3) RUNTST, SELECT 

SCAN DR (E) N/A * 

CAPTURE DR (6) CAPTUREDR 

SHIFT DR (4) SHIFTDR, ENABLE 

EXIT1 DR (8) N/A* 

UPDATE DR (A) UPDATEDR 

EXIT2 DR (0) N/A * 

PAUSE DR (C) N/A * 

SCAN IR (2) N/A * 

CAPTURE IR (7) CAPTUREIR, SELECT 

SHIFT IR (5) SHIFTIR, ENABLE, SELECT 

EXIT1 IR (9) SELECT 

UPDATE IR (B) UPDATEIR, SELECT 

EXIT2 IR (1) SELECT 

PAUSE !R (D) SELECT 


“ Not Applicable, no control signals asserted. 


TERMINAL DESCRIPTION 
Netlist Order 


Inputs: TMS, TCK, PUR 
Outputs: TRESET, RUNTST, SELECT, ENABLE, CAPTUREDR, CAPTUREIR, 
SHIFTDR,SHIFTIR, UPDATEDR, UPDATEIR 
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Test Access Port Controller BSTAP 


FUNCTIONAL DESCRIPTIONS 


Inputs: 

TMS Test- mode Select 

TCK Test clock 

PUR Power Up Reset (e.g., from PUR40U) forces TRESET high 
Outputs: 

TRESET Test-logic reset 

RUNTST Run test (start internal BIST tests) 

SELECT HI: select IR; LO: select DR 

ENABLE Test data output pin (TDO) enable; issued on falling TCK 

CAPTUREDR Capture/parallel load DR 

CAPTUREIR Capture/parallel load IR 

SHIFTDR Shift DR 

SHIFTIR Shift IR 

UPDATEDR Update/parallel load DR output buffer FFs 

UPDATEIR Update/parallel load IR output buffer FFs 
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Test Access Port Controller BSTAP 
CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 


To Area Performance 


Intrinsic | Extrinsic 


ES EES EE ES ES SED CERT SARA IITS 


TRESETL 
TRESETT 
RUNTSTJ 
RUNTSTT 


SELECTJ 
SELECTT 
ENABLE 
ENABLET 


CAPTUREDRJ 
CAPTUREDRT 
CAPTUREIRJ 
CAPTUREIRT 


SHIFTDRL 
SHIFTDRT 
SHIFTIRI 
SHIFTIRT 


UPDATEDRI! 
UPDATEDRT 
UPDATEIRJ 
UPDATEIRT 


TRESETT 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 
Boe Area Perf. ; 


5.1 2.3 
5.9 4.7 


TSU 
CP 


Minimum TMS Setup before TCKT 
Minimum Clock Pulse High , 


1 50% duty cycle required by JTAG 
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Test Access Port Controller BSTAP 


TIMING DIAGRAM 


CAPTUREDR 


CAPTUREIR 


UPDATEDR 


UPDATEIR 
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B-S Serial Output Cell BSTDO 


24 grids, 34 transistors 


FUNCTIONAL DESCRIPTION AND FEATURES 
BSTDO is a JTAG compatible, TDO, output buffer cell. 
* Generates TDO signal on the falling edge of TCK according to JTAG specifications 
¢ Contains an input MUX for selecting the LSB of either the Data register or 
the Instruction register as serial output 
¢ Generates the 3-state buffer control signal for TDO 
Used with standard tri-state output buffer 


BLOCK DIAGRAM 


ENABLE OE 
INRB INRB 
OEN 


SELECT 


FD1S2AX 


TERMINAL DESCRIPTIONS 
Netlist Order 


INPUTS: DR,IR, TCK,SELECT,ENABLE 
OUTPUTS: OE,OEN,TDO 


Functional Descriptions 


inputs: 
DR LSB of a data register 
IR LSB of the instruction register 
TCK Boundary scan test clock 
SELECT Select (IR) signal; Directly from BSTAP controller 
ENABLE Enable (TDO) signal; Directly from BSTAP controller 
Outputs: 
OE Output-enable signal (to TDO 3-state buffer) 
OEN Negated output-enable signal (to TDO 3-state buffer) 
TDO Serial test data output (to TDO output pad) 
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B-S Serial Output Cell 


CHARACTERISTICS 


SWITCHING CHARACTERISTICS 
VDD=5.0V, T=25°C, Nominal Processing 


From | To Area 


TCKL 
TCKL 
ENABLE 


ENABLE 
ENABLE 
ENABLE 


Timing Requirements 
VDD=5.0V, T=25°C, Nominal Processing 


Bee Area Perf. 


Minimum DR Setup before TCKL 1.3 
Minimum IR Setup before TCKT 
Minimum SELECT Setup before TCKT 
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BSTDO 


Boundary Scan 


Numerics 


1-of-16 Gated Data Select/Mux 11-33 

1-of-8 Data Select/Mux 11-38 

1-of-8 Gated Data Select/Mux 11-36 

16X16 Multiplier 11-74 

2-Bit Arithmetic Logic Unit 11-2 

2-Bit Binary Full Adder 11-26 

2-Line-1-Line Data Select/Mux 11-42, 11-44 

3-Bit Majority Vote 11-76 

3-Bit Programmable Counter/Timer 11-80, 11- 
90 

3-to-8-Line Decoder/Demultiplexer 11-31 

4-Bit Arithmetic Logic Unit 11-6 

4-Bit Fast Adder 11-70 

4-Bit Look Ahead Carry Generator 11-72 

4-Bit Magnitude Comparator 11-28 

4-Bit Programmable Counter/Timer 11-82, 11- 
92 

4-Line-to-1 Data Select/Mux 11-40 

4-Phase Clock Generator 11-22 

5-Bit Majority Vote 11-78 

5-Bit Programmable Counter/Timer 11-84, 11- 
94 

6-Bit Programmable Counter/Timer 11-86, 11- 
96 

8-Bit Programmable Counter/Timer 11-88, 11- 
98 


A 


absolute maximum ratings 2-3 
AC Power 

Internal Gates 2-4 

Output Buffers 2-5 
activity factor 2-4 
adder 10-2 
Analog 

See Linear CMOS 9-1 -9-12 
Ancillary Features 5-19 
ANDn 6-10 
AOlabcd 6-11 — 6-14 
Area, Techniques for Reducing, 2-7 
arithmetic and logic unit 10-3 
AT&T Design System 2-11 


BCD-to-Decimal Decoder 11-24 
BHidCod[D,T] 5-21 —5-23 
BHidTod[D,T] 5-24 — 5-26 
BHidXod[D,T] 5-27 — 5-29 
Bi-Directional Buffers 5-4 
BHidCod[D,T] 5-21 —5-23 


index 


BHidTod[D,T] 5-24 — 5-26 
BHidXod[D,T] 5-27 -—5-29 
BMidMod[D,T] 5-41 — 5-43 
BNidTod[D,1] 5-44 — 5-47 
BNidXod[D,T] 5-48 — 5-51 

BIHid[D,T] 5-30 — 5-31 

BIMid[D,T] 5-32 — 5-33 

BINid[D,T] 5-34 — 5-35 

BIPO2[D,T] 5-36 

BISid[D,T] 5-37 — 5-38 

BIST 
Content Addressable Memory 8-11 — 8-17 
Register File 8-25 — 8-31 

BIST1 6-15 

Bit-Slice Microprocessor 11-15 

BITid[D,T] 5-39 — 5-40 

BMidMod[D,T] 5-41 — 5-43 

BNidTod[D,T] 5-44 — 5-47 

BNidXod[D,T] 5-48 —5-51 

BOCod[D,T] 5-52 — 5-53 

BOMod[D,T] 5-54 — 5-55 

BONod[D,T] 5-56 — 5-57 

BOTod[D,T] 5-58 — 5-59 

Boundary-Scan Cells 
BSATT 12-4- 12-5 
BSBD 12-6—- 12-7 
BSBP 12-8 — 12-9 
BSBRIC 12-10 — 12-12 
BSCKMUX 12-13 — 12-15 
BSDC 12-16 — 12-17 
BSIN1 12-18 — 12-19 
BSIN2 12-20 —- 12-21 
BSIN3 12-22 — 12-23 
BSIR 12-24 —- 12-25 
BSIRN 12-26 — 12-27 
BSOE 12-28 — 12-29 
BSOUT 12-30 — 12-31 
BSTAP 12-32 — 12-36 
BSTDO 12-37 — 12-38 

BOXod[D,T] 5-60 — 5-61 

BSATT 12-4- 12-5 

BSBD 12-6- 12-7 

BSBP 12-8 — 12-9 

BSBRIC 12-10 — 12-12 

BSCKMUX 12-13 — 12-15 

BSDC 12-16 — 12-17 

BSIN1 12-18 —- 12-19 

BSIN2 12-20 —- 12-21 

BSIN3 12-22 — 12-23 

BSIR 12-24 —- 12-25 

BSIRN 12-26 — 12-27 

BSOE 12-28 — 12-29 

BSOUT 12-30 — 12-31 

BSTAP 12-32 — 12-36 


BSTDO 12-37 —- 12-38 equivalent logic gates 2-10 
Buffer . ESD 5-10 
Bi-Directional 5-4 Estimating Chip Size 2-8 — 2-10 


Input 5-1 Estimating Power 2-4 —2-5 
Output 5-3 
burn-in 4-3 fF 
Cc FA 6-16 
failure mode analysis 4-3 
CAD Support Files 2-11 FB1S2AX 7-11 
CAM 8-5 -8-10 FB1S3AX 7-12 


CAMB 8-11 — 8-17 
CAP[2A,3A,5A,10A,2P,3P,5P,10P] 9-10 
Capacitors 
CAP[2A,3A,5A,10A,2P,3P,5P,10P] 9-10 
ceramic resonator 9-4 
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